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Inhibition of p38 Kinase Using Symmetrical and Unsymmetrical Diphenyl Ureas 

15 Fpi^Woftfaelnveptipp 

This invention relates to the use of a gjmxp of aiyl ureas in treating cytokine mediated 
diseases and proteolytic oizyme mediated diseases, and pharmaceutical compositions for 
useinsuchtfaenpy. 

20 Background of the Invention 

Two classes of effector molecules which are critical for the progression of rheumatoid 
arthritis are pro-inflammatoiy cytokines and tissue degrading proteases. Recently, a 
£unily of kinases was described which is instrumental in controlling the transcription and 
translation of the structural genes coding for these effector molecules* 

25 

The mitogen-activated protein (MAP) kmase finnily is made tq) of a series of structurally 
related prolme-directed serine/ihreonine kinases which are activated dther by growth 
fectors (such as EGF) and phoibol esters (ERK), or by H^l, TNFa or stress ^38, JNK). 
The MAP kinases are responsible for die activation of a wide variety of transcrq>tion 

30 &ctors and proteins involved in transariptional control of ^tokine production. A pair of 
novel protein kinases involved in the regulation of cg^kine synthesis was recently 
described by a groiq> fiom SmithKline Beecham (Lee et al. Nature 1994. 372, 739). 
These mzymes were isolated based on th^ afiBnity to bond to a class of compoimds. 
named CSAIDSs (^tokine siqspressive anti-inflammatory drugs) by SKB. The CSAIDs, 

35 bicyclic pyridinyl imidazoles, have been shown to have cytokine inhibitory activity both 
in vitro md in vivo. The isolated en^mes, CSBP-1 and -2 (CSAID binding protein 1 and 
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2) have been cloned and expressed. A murine homologue for CSBP-2, p38, has also been 
reported (Han et al. Science 1994, 265, 808). 

Early studies sug^ted diat CSAIDs function by intoforing wiOx m-RNA translational 
5 events during cytokine biosyndiesis. Inhibition of p38 has bem shown to inhibit both 
QTtokine production (fig., TNFo, IL-1, IL-6, IL-8) and proteolytic cn^e production 
(eg., MMP-1, MMP-3) in vitro and/or in vivo. 

CHinical studies have linked TNFa production and/or signaling to a numbo' of diseases 

10 including rheumatoid arthritis (Maim. J. Royal Coll Physicians London 1996, 30, 344). 
In addition, excessive levels of TNFa have been implicated in a wide variety of 
inflammatoiy and/or immunomodulatory diseases, including acute rheumatic fever 
(Yegin et al. Lancet 1997, 349, 170), bone resorption (Pacifici et al. J. Clin. Endocrinol 
Metabol 1997, 82, 29), postmenopausal osteoperosis (Pacifici et al. /. Bone Mineral Res. 

15 1996, n, 1043), sepsis (Blackwell et aL Br. J. Anaesih. 1996, 77, 110), gram negative 
s^sis (Debets et al. Prog. Clin. Biol Res. 1989, 308, 463), septic shock (Tracey et al. 
Nature 1987, 330, 662; Girardin et al. New England J. Med. 1988, 319, 397), endotoxic 
shock (Beutler et al. Science 1985, 229, 869; Ashkenasi et al. Proc. Nat 'I Acad. Sci. USA 
1991, 88, 10535), toxic shock syndrome, (Saha et al. J. Immunol 1996, 157, 3869; Una 

20 et al. FEMS Immunol Med. Microbiol 1996, 13, 81), systemic inflammatory response 
syndrome (Anon. Crit. Care Med. 1992, 20, 864), inflammatory bowel diseases 
(Stokkers ^ al. /. Inflamnu 1995-6. 47, 97) inchiding Crohn's disease (van Deventer et 
aL AlimenL Pharmacol Thertqmi. 1996, 10 (Stqtpl 2), 107; van Dullemoi d al. 
Gastroenterology 1995, 109, 129) and ulcerative coUtis (Masuda et al. /. din. Lab. 

25 Immunol 1995, 46, 111), Jarisdi-Heixhdmer reactions (Fdcade et al. New England J. 
Med. 1996, 335, 31 IX asdmia (Amrani et al. Rev. Malad Respir. 1996, 13, 539), aduh 
lespiiatory distress syndrome (Roten tL?LAm.Rev. Respir. Dis. 1991, 143, 59(^ SxOia et 
al. Am. Rev. Respir. Dis. 1992, 145, lOlQ, acute puhnonary fibrotic diseases (Pan et al. 
PaOol Int. 1996, 46, 91), puhnonary sarcoidosis (Ishioka et al. Sarcoidosis Vasculitis 

30 Diffuse Lung Dis. 1996, 13, 139), allergie respiiatoiy diseases (Casale et tL Am. J. 
Respir. CeU Mol Biol 1996, 15, 35), silicosis (Gossart et aL 7. Immunol 1996, 156, 
1540; Vanhee et aL Eur. Respir.^'J. 1995, 8, 834), coal worker's pneumoconioas (Borm 
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et al. Am, Rev, Respir. Dis, 1988, 138, 1589), alveolar injuiy (Hoiinouchi et al. Am. J. 
Respir. Cell Mol. BioL 1996, 14, 1044), hepatic feilure (GantaCT et al. J. Pharmacol Exp. 
Therap, 1997, 280^ 53), liver disease during acute inflammation (Kim et al. J. Biol 
Chem. 1997, 272, 1402), severe alcoholic hepatitis (Bird et al. Am. Intern. Med. 1990, 
5 112, 917), malaria (Grau et al, Immunol Rev. 1989, 772, 49; Taveme et al. Parasitol 
Today 1996, 72, 290) including Plasmodium falciparum malaria (Perhnann et al. Infect. 
Immunit. 1997, 55, 116) and cerebral malaria (Rudin et al. Am. J. Pathol 1997, 750, 
257), non-insulin-dependent diabetes mellitus (NIDDM; Stephens et aL Jl Biol Chem. 
1997, 272, 971; Ofei et al. Diabetes 1996, 45, 881), congestive heart feilure (Doyama et 

10 al. Int. J. Cardiol 1996, 54, 217; McMurray et al. Br. Heart J. 1991, 66, 356), damage 
following heart disease (Malkiel et al. Mol Med. Today 1996, 2, 336), athKosclerosis 
(Parums et al. J. Pathol 1996, 179, A46), AldidmCT's disease (Fagarasan et al. Brain 
Res. 1996, 723, 231; Aisen et al. Gerontology 1997, «, 143). acute encephalitis 
(Ichiyama et al. J: Neurol 1996, 243, 457), brain injuiy (Cannon et al. Crit. Care Med. 

15 1992, 20, 1414; Hansbrough et al. Surg. Clin. N. Am. 1987, 67, 69; Maimo et al. Surg. 
Gynecol Obstetr. 1990, 770, 32), multiple sclerosis (M.S.; Coyle. Adv. Neuroimmtmol 
1996, 6, 143; Matusevicius et al. J. Neuroimmunol 1996, 66, 115) including demyelation 
and oligiodendiDcyte loss in multiple sclerosis (Brosnan et al. Brain Pathol 1996, 6, 
243), advanced cancer (MucWi^zgon et al. J. Biol Regulators Homeostatic Agents 

20 1996, 70, 25), lymphoid malignancies (Levy et al. Crit. Rev. Immunol 1996, 16, 31), 
pancreatitis (Exley et al. Gut 1992, iJ, 1 126) including systemic complications in acute 
pancreatitis (McKay et al. Br. J. Surg. 1996, 83, 919), impaired wound healing m 
infection inflammation and cancer (Buck et al. Am. J. Pathol 1996, 149, 195), 
myelodysplastic syndromes (Raza et al. Int. J. Hematol 1996, 63, 265), systemic liq}us 

25 eythematosus (Maury ^ al. Arthritis Rheum. 1989, 52, 146), biliary cirrhosis (Miller et 
vLAm.J. Gasteroenterolog. 1992, «7, 465), bowel necrosis (Sun et al. J. Oin. Invest 
1988, 57, 1328), psoriasis (Christophers. Austr. J. Dermatol 1996, 37, S4), radiation 
injury (Redlich et al. J. Immunol 1996, 757, 1705), and toxicity following administration 
of monoclonal antibodies such as 0KT3 (Brod et al. Neurology 1996, 46, 1633). TNFa 

30 levels have also been related to host-versus-graft reactions (Piguet et al. Immunol Ser. 
1992, 56, 409) including ischemia rq)erfusion injuiy (CoUetti et al. J. Clin. Invest. 1989, 
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85, 1333) and allograft rejections including those of the kidney (Maury et al. J. Exp. Med. 
1987, J 66, 1 132), liver (Imagawa et al. Transplantation 1990, 50, 219), heart (Boiling et 
al. Transplantation 1992, 53, 283), and skin (Stevens et al. Tiransplant. Proc. 1990, 22, 
1924), lung allograft rejection (Grossman et al. Immunol Allergy CUn. N. Am. 1989, P, 
5 153) including chronic hmg allograft rejection (obliterative brondiitis; LoCicero et al. J. 
Thorac. Cardiovasc Surg. 1990, 99, 1059), as well as conq>lications due to total hip 
rq[>lacement (Ciiino ^ a. Ufe ScL 1996, 59, 86). 'mPa has also been linked to 
infectious diseases (review: Beutler et aL Oit. Care Med. 1993, 2J, 5423; D^re. 
Biotherapy 1996, 8, 219) including tuberculosis (Rook et al. Med. Malad. Infect 1996, 

10 26, 904), Helicobacter pylori infection during peptic ulco: disease (Scales et aL 
Gastroenterology 1997, 112, 136), Oiaga's disease resulting fiom Trypanosoma cruzi 
infection (Chandrasekar et aL Biochem. Biophys. Res. Commun. 1996, 223, 365), effects 
of Shiga-like toxin resulting fiom E. coli infection (Harel et aL Jl Clin. Invest. 1992, 56, 
40), tiie effects of enterotoxin A resulting fix>m Stqihylococcus infection (Fischrar et aL 7. 

15 Immunol 1990, 144, 4663), mraiingococcal infection (Waage et al. Lemcet 1987, 355; 
Ossege et aL y. Neurolog. ScL 1996, 144, 1), and infections fiom Bonelia burgdorferi 
(Brandt al. Inf&a. Immunol 1990, 58, 983), Treponema pallidum (Chamberlin et al. 
Infect. Immunol 1989, 57, 2872), cytomegalovirus (CMV; Gdst et al. Am. J. Respir. Cell 
Mol Biol 1997, 16, 31), influwiza virus (Beutier et al. Clin. Res. 1986, 34, 491a), Sendai 

20 virus (Goldfield et al. Proc Nat 'I Acad. ScL USA 1989, 87, 1490), TheUer's 
encq)halomyeUtis virus (Siara et aL Immunology 1993, 78, 399), and ttie human 
immunodeficiency virus (HIV; PoK. Proc. Natl Acad. ScL USA 1990, 87y 782; 
Vyakaram et al. AIDS 1990, 4, 21; Badley et al. J. Esq>. Med. 1997, 185, 55). 

25 Because inhibition of p38 leads to inhibition of TNFa production, p38 inhibitors will be. 
useful in treatinent of die above listed diseases. 

A number of diseases are thoug^it to be mediated by excess or undesired matrix- 
destroying metalloprotease (MMP) activity or by an imbalance in the ratio of the MMPs 
30 to the tissue inhibitors of metalloinoteinases (TIMPs). These include osteoailhiitis 
(Woessner et al. J, Biol Chem. 1984, 259, 3633), rheumatoid arfliritis (Mullins et al. 
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Biochim. Biophys. Acta 1983, 695, 1 17; WooUey et al. Arthritis Rheum. 1977, 20, 1231; 
Gravallese et al. Arthritis Rheum. 1991, 34, 1076), sq)tic arthritis (Williams et al. 
Anhritis Rheum. 1990, 33, 533), tumor metastasis (Reich et al. Cancer Res. 1988, 48, 
3307; Matrisian et al. Proc. Natl. Acad. ScL, USA 1986, 83, 9413), periodontal diseases 
5 (Overall et al. J. Periodontal Res. 1987, 22, 81), corneal ulcmtion (Bums et al. Invest. 
Opthalmol Vis. Set 1989, 30, 1569), proteinuria (Baricos et al. Biochem. J. 1988, 25^, 
609), coronary thrombosis from afherosclerotic plaque rupture (H^mey et al. Proc Natl 
Acad. Sci., USA 1991, 88, 8154), aneurysmal aortic disease (Vine et al. Oin. Set. 1991, 
81, 233), birth control (Woessncr et al. Steroids 1989, 54, 491), dystrophobic 
10 q)ideraiolysis bullosa (Kionbergcr et al. J. Invest. Dermatol. 1982, 79, 208), 
degenerative cartilage loss following traumatic joint injury, osteopenias mediated by 
MMP activity, tenq>ero mandibular joint disease, and demyeladng diseases of the 
nervous system (CSiantry et al. J. Neurochem. 1988, 50, 688). 

15 Because inhibition of p38 leads to inhibition of MMP production, p38 inhibitors will be 
useful in treatmrat of the above listed diseases. 

Inhibitors of p38 are active in animal models of TNFa production, including a muime 
lipopolysaccharide (LPS) model of TNFa production. Inhibitors of p38 are active in a 

20 number of standard animal models of inflammatory diseases, including carrageenan- 
induced edema in tfie rat paw, arachadonic acid-induced edema in the rat paw, 
arachadonic acid-induced poitonitis in Ae mouse, fetal rat long bone resorption, murine 
type n collagen-induced arthritis, and Fruemd's adjuvant-induced arthritis in the mt 
Thus, inhibitors of p38 will be useful in treating diseases mediated by one or more of the 

25 above-mentioned ^tokines and/or proteolytic esxzyma. 

The need for new therapies is especially in^ortant in Ibe case of arflmtic diseases. The 
primary disabling efTect of osteoarthritis, ifaeumatoid arthritis and sqptic arthritis is tfie 
progressive loss of articular cartilage and thereby normal joint function. No marketed 
30 phamaceutical agent is able to prevent or slow this cartilage loss, although nonsteroidal 
anti in fla mm atory drugs (NSAIDs) have been givrai to control pain and swelling. The 
end result of these diseases is total loss of joint function which is nly treatable by joint 
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rq)lacement surgery. P38 inhibitors will halt or reverse the progression of cartilage loss 
and obviate or delay surgical intervention. 

Several patraits have speared claiming polyarylimidazoles and/or compounds containing 
polyaiyUmidazoles as inhibitors of p38 (for example, Lee et al. WO 95/07922; Adams et 
aL WO 95/02591; Adams et al. WO 95/13067; Adams et al. WO 95/31451). It has been 
npoxied that arylimidazoles complex to the ferric form of cytochrome P450^ (Harris et 
aL MoL Eng. 1995, 5, 143, and references therein), causing concern that these 
compounds may display structure-related toxicity (Howard-Martin et al. Toxicol Pathol 
1987, 75, 369). Therefore, there remains a need for improved p38 inhibitors. 

Summary of the Invention 

This invention provides compoimds, generally described as aryl ureas, including both aryl 
and heteroaryl analogues, which inhibit p38 mediated events and thus inhibit the 
production of cytokines (such as TNFa, IL-1 and IL-8) and proteolytic razymes (such as 
MMP-1 and MMP-3). The invention also provides a method of treating a cytokine 
mediated disease state in humans or mammals, wherem the cytokine is one whose 
production is affected by p38. Exan4)le8 of such cytokines include, but are not lunited to 
TNFa, IL-1 and 11^8. The invention also provides a method of treating a protease 
mediated disease state in humans or mammals, wherem the protease is one whose 
production is affected by p38. Examples of such proteases include, but are not limited to 
coUagenase ^lMP-1) and stromelysin (MMP-3). 

Accordingly, fliese compoimds are useful therapeutic agents for such acute and chronic 
infl a mm a to ry and/or immimomodulatory diseases as riieumatoid arthritis, osteoarthritis, 
septic ardmtis, ifammatic fever, bone resorption, postmenopausal osteoperosis, sepsis, 
gram negative sqisis, sq[>tic shock, endotoxic shock, toxic shock syndrome, systemic 
inflammatory response syndrome, inflammatory bowel diseases tnrJnHing Crohn's 
disease and ulcerative colitis, Jarisch-Heixheimer reactions, asthma, adult respiratory 
distress syndrome, acute pulmonary fibrotic diseases, pulmcmary sarcoidosis, allergic 
req)iratory diseases, silicosis, coal woxker's pneumoconiosis, alveolar injury, hepatic 
fiulure, liver disease during acute mflammation, severe alcoholic hepatitis, malaria 
including Plasmodium falciparum malaria and cerebral malaria, non-insulin-dq)endent 
diabetes meUitus (NIDDM), congestive heart failure, damage following heart disease. 
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atherosclerosis, Alzheimer's disease, acute eiicq)halitis, brain injury, multiple sclerosis 
including demyelation and oligiodendrocyte loss in multiple sclerosis, advanced cancer, 
fymphoid ma l ignan cies, tumor metastasis, pancreatitis, including systemic complications 
in acute pancreatitis, inq>aired wound healing in infection, inflanunation and cancer, 
poiodontal diseases, corneal ulceration, proteinuria, myelodysplastic syndromes, 
systemic lupus erythematosus, biliary cirrhosis, bowel necrosis, psoriasis, radiation 
injury, toxicity following administration of monoclonal antibodies such as 0KT3, host- 
versus-graft reactions including ischemia reperfusion injury and allograft rejections 
including kidney, liver, heart, and skin allograft rejections, lung allograft rejection 
including chronic lung allograft rejection (obhterative bronchitis) as well as 
complications due to total hip replacement, and infectious diseases including 
tuberculosis, Helicobacter pylori infection during pq>tic ulcer disease, Chaga's disease 
resulting fiom Trypanosoma cruzi irifection, effects of Shiga-like toxin resulting from E. 
coli infection, effects of oiterotoxin A resulting fiom St^hylococcus infection, 
meningococcal infection, and infections from Borrelia burgdorferi, Treponema pallidum, 
cytomegalovirus, influenza virus, Theiler's encephalomyelitis virus, and the human 
immunodeficiency virus (HIV). 

The present invention, therefore, provides compounds generally described as aryl ureas, 
including both aryl and heteroaryl analogues, which inhibit the p38 pathway. The 
invention also provides a method for treatment of p38-mediated disease states in humans 
or mammals, e.g., disease states mediated by one or more cytokines or proteolytic 
wzymes produced and/or activated by a p38 mediated process. Thus, the mvention is 
directed to compounds and methods for the treatment of diseases tt}^^\^ by p38 kinase 
comprising administering a compound of Formula I 



B-NH 




NH-A 



I 



wfaerdn 
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B is a substituted or unsubstituted, up to tricyrclic aryl or heteroaryl moiety of up to 30 
carbon atoms with at least one 6-member aromatic structure containing 0-4 members of 
the group consisting of nitrogen, oxygen and sulfur, wherein if B is substituted, it is 
5 substituted by one or more substituents selected from the group consisting of halogen, 
up to per-halo, and W„, wherein n is 0-3 and each W is indq)endently selected from the 
group consisting of -CN, -CO^\ -C(0)NR^\ -C(0)-R^ -NOj, -OR^ -SR^ -NR^\ 
-NR'C(0)OR', -NR'C(0)R\ Cx-C,o alkyU C,.,o-alkenyl, C,.,o-alkoxy, CyC.o cycloalkyU 
Q-C,4 aryU C7-C24 alkaryl, CyC^ heteroaryl. C4-C23 alkheteroaryl. substituted C,-Cjo 

10 alkyl. substituted C2.,o-alkenyl, substituted C,.,o-alkoxy, substituted Cj-C,o cycloalkyl, 
substituted C4-C23 alkheteroaryl and Q*Ar; 

wherem if W is a substituted group, it is substituted by one or more substituents 
independently selected from the group consisting of -CN, -COsR^, -C(0)R\ 
-C(0)NR'R^ OR\ -SR\ -NRV , NO^, -NR^C(0)R\ -NR'C(0)OR^ and halogen up 

15 to p»-halo; 

ixiiordn eadi R^ is independratly selected from H, C|-Cxo aOcyl. C2.,o-aIkmyl, 
Cj-C,o cycloalkyl. aryl, CyC^ hetaryl, C7-C24 alkaryl, C4-C23 alkheteroaryl, up 
to per-halosubstituted C,-C,o alkyl, up to per-halosubstituted Cj^jo-alkenyl, up to per- 
halosubstituted CyCio cycloalkyl, up to per-halosubstituted C^|4 aryl and 19 to per- 
20 halosubstituted CyC^ hetaryl, 

wherein Q is - -S-, -N(RV. KCHj).„. -C(OK -ai(OH^, 
.NR^C(0)NR^^ -NR^C(OK -C(0)NR'.^.(CH^^, KCH^inN(RV, -OCCH^)™-, 
-CHX% -CX'^-. -S-(CHa)„- and -NCR^CCHa)^-. 

m - 1-3, and X* is halog»; and 
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Ar is a 5-10 member aromatic structure containing 0-2 members of the group consisting 
of nitrogen, oxygen and sulfur, which is unsubstituted or substituted by halogen up to 
per-halo and optionally substituted by Z^. wherein is 0 to 3 and each Z is 
independently selected from the group consisting of of -CN. -C02R\ -C(0)NR^\ 

5 ^(O). NR\ ^(O) RVNO,, -0R^ -SR\ •NR^\ -NR^C(0)OR\ -NR^C(0)R\ Q-Qo 
alkyl. C3-C,o cydoalkyl, Q-C,4 aiyl, Cj-C^ hetaryl, C^Cu alkaxyl, C,-C^ 
alkhetCToaiyl, substituted C,-C,o aUqrl, substituted Cj-Cjo cycloalkyl, substituted CVC24 
alkaryl and substituted C4-C23 alkheteroaryl; wherein the one or more substituents of Z 
is selected from the group consisting of -CN. -C0^\ -C(0)NR^\ -OR\ -SR\ -NO^. 

10 -NR^^ . -NR'C(0)R' . -NR^C(0)OR\ 



R^*, R*' , R** are each independently H, Ci.,o-alkyl, optionally substituted by 

halogen, up to perhalo, C,.,o alkoxy, optionally substituted by halogen, up to 
perfialoalkoxy, halogen; NOj or NHj; 
15 R^' is H, C,.,o-alkyl, C,.,o alkoxy, -NHCOR'; -NR'COR'; NO^; 

""9 ' 'V" 



one of R^, R*" or R*' can be -X-Y, 

or 2 adjacent R^'-R*' can together be an aiyl or hetaryl ring with 5-12 atoms^ 
optionaUy substituted by C,.,o-alkyl, C,,,o alkoxy, C^,^ cycloalkyl, C^,^ alkenyl, 
20 C,.jo alkanoyl, C<s.n aryl, C^j hetaryl or C^,^ aialkyl; 

R' is C|.|o-aIkyl optionally substituted by halogen, up to pedialo; 

X is -CHj-, -S-, -N(CH3)-, -NHC(OK -CH^-S-, -S-CHj-, -C(0)., or-O-; and 

X is additionally a single bond where Y is pyridyl; 

Y is phmyl, pyridyl, naphthyl, pyridone, pyrazine, benzodioxane, benzopyridme, 
25 pyrimidine or benzotbiazole, each optionally substituted by 
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Cwo-aUqrl, C,.,o-alkoxy, halogoi, OH, - SCH, or NO, or, vrfiere Y is phenyl, by 




or a phannaceutically acceptable salt thereof. 
Preferably, the coiiq)ounds of formula I are of formula la 




la 



whoein 

R', K* , R* and R* are each indq)endent]y H, halogen, C,.,,- alkyl optionally substituted 
by halogen, up to peiiialo, C,.,o-alkoxy, optionally substituted by at least one hydroxy 
groiq) or by halogen, up to peihalo; Cs.,j aryl, optionally substituted by C,.,o alkoxy or 
halogen, Cj.,, hetaiyl, optionally substitued by C,.,o aDsyl, C,.,o alkoxy or halogen; NO, , 
SO,F or -SOjCE^Xj^ -COOR'; -OR'CONHR'; -NHCOR'; -SR'; phenyl optionally 
substituted by halo or C.,o-alkoxy; NH,; -N(SO,R')» finytoxy. 




2 adjacent R'-R' can toge&er form an aiyl or hetaiyl ring with S-12 atoms, 
optionally substituted by C,.,o-alkyl, C,.,o-alkoxy, C^io-cycloalkyl. C^,o-aIkenyI, C,.,a- 
alkanoyl, C„,-aiyl , Cs.„-hetaiyl, Cwj-aralkyl. C«.„-alkaiyl, halogou -NR'; -NO,; -CF,; 
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-COOR'; -NHCOR^ -CN; -CONR'R^ -SO^R'; -SOR^ -SR'; in which R' is H or C,.,o- 
alkyl and R^ is Ci.io-alkyl; optionally substituted by halogen^ xtp to peifaalo, with - SOj- 
optionally incorporated in the aryl or hetaiyl zing; 

5 oneofR\R* orR*canbe-X-Y, 

R^ is C|.,o*alkyl, optionally substituted by halogen, up to peifaalo; 
p isOorl; 

X is -^2, -S- , N(CH3K -NHC(0), CHj-S-, -S-CHj-, -C(OK or -0-; and 
Y is phenyl, pyiidyl, naphthyl, pyridone, pyrazine, benzodixane, benzopyridine^ 
1 0 pyrimidine or benzothiazole, each optionally substituted by C,.,o-a]l^l, 

Ci.,o-alkoxy, halogen or NO^ or, where Y is phenyl, by 



15 




with the proviso that if R^ and R* are both H , one of R* or R* is not H. 

In fonnula I, suitable hetaiyl groups B mclude, but are not limited to, S-12 caibon-atom 
20 aromatic rings or ring systems containing 1-3 rings, at least one of whidi is aromatic, in 
whidi one or more, e.g., 1-4 carbon atoms in cme ormore of the rings can be iq>laced by 
oxygen, nitrogen or sulfur atoms. Each ring typically has 3-7 atoms. For example, B can 
be 2- or 3-ftuyl, 2- or 3-thienyI, 2- or 4-triazinyl, 1-, 2- or 3-pyiTolyl, 1-, 2-, 4- or 5- 
imidazolyl, 1-, 3-, 4- or 5-pyrazolyl, 2-, 4- or 5-oxazolyl, 3-, 4- or S-isoxazolyl, 2-, 4- or 
25 5-fliiazolyl, 3-, 4- or S-isothiazolyl, 2-, 3- or 4-pyridyl, 2-, 4-, 5- or 6-pyrimidinyl, 1 A3- 
tiiazoH-, -4- or -5-yl, 1 A4-triazoH-, -3- cm: --5-yl, 1- or 5-t^razolyl, 1 A3-oxadiazol.4- 
or-5-yl, l,2,4-oxadiazol-3- or-5-yl, l,3,4-thiadiazol-2- or-5-yl, l,2,4-oxadiazol-3- or- 
5-yI, l,3,4.thiadiazol-2- or-5-yl, l,3,4-thiadiazol-3- or-S-yl, lA3-thiadiazol-4- or-5-yl, 
2-, 3-, 4-^ 5- or 6-2H-thiopyranyl, 2-, 3- or 4-4H-thiopyranyl, 3- or 4-pyridazinyl, 
30 pyrazinyl, 2-, 3-, 4-, 5-, 6- or 7-bMzofuryl, 2-, 3-, 4-, 5-, 6- or 7-benzothienyl, 1-, 2-, 3-, 
4-, 5-, 6- or 7-indolyl, 1-, 2-, 4- or S-benzimidazolyl, 1-, 3-, 4-, 5-, 6- or 7- 
bcnzqjyrazolyl, 2-, 4-, 5-, 6- or 7-benzoxazolyl, 3-, 4-, 5- 6- or 7-benzisoxazolyl, 1-, 3-, 
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4-, 5-, 6- or 7-benzothiazolyl, 2-, 4-, 5-, 6- or 7-benzisothiazolyl, 2-, 4-, 5-, 6- or 7-benz- 
1,3-oxadiazolyl. 2-, 3-, 4-, 5-, 6-, 7- or 8-quinolinyl, 3-, 4-, 5-, 6-, 7-, 8- isoquinolinyl. 
1-, 2-, 3-, 4- or 9-caibazolyl, 1-, 2-, 3-, 4-, 5-, 6-, 7-, 8- or 9-acridmyl, or 2-, 4-, 5-, 6-, 7- 
or 8-quinazolinyl, or additionally optionally substituted phenyl, 2- or 3-tbienyl, 1^,4- 
5 thiadiazolyl, 3-pynyl, 3-pyra2olyl, 2-thia2olyl or S-tbiazolyl, etc. For example, B can be 
4-methyl-phenyl, 5-mcthyl-2-thienyl. 4-methyl-2-fliienyl, l-methyl-3-pynyl, l-methyl-3- 
pyrazolyl, S-methyl-2-thiazolyl or 5-methyl-l,2,4-tbiadiazol-2-yL 

Suitable alkyl groups and alkyl portions of groups, e.g., alkoxy, etc, fliroughout include 
10 methyl, ethyl, propyl, butyl, etc., including all straight-chain and branched isomeis such 
as isopiopyl, isobutyl, sec-butyl, ^-butyl, etc. 

Suitable aiyl groups include, for example, phenyl and 1- and 2-ns^htfayl. 

15 The term "cycloalkyr, as used herein, refers to cyclic structures with or without alkyl 
substitutents such that, for example, "C4 cycloakyl" includes methyl substituted 
cyclopropyl groups as well as cyclobutyl groiq>s. The term "cycloalkyl" also includes 
saturated heterocycUc groiq[>s. 

20 Suitable halogen groups include F, CI, Br, and/or I, ftom one to per-substitution (i.e. all H 
atoms on a group replaced by a halogen atom) being possible where an alkyl groiq) is 
substituted by halogen, mixed substitution of halogen atom types also being possible on a 
given moiety. 

25 Preferred compounds of formula I include fliose where is H, halogen or C,.,o-aIkyl, 
optionally substituted by halogen, isp to perfaalo, NO,, -SO2F, - SO2CHF2; or -SOjCFa; 
is H» C,.io-alkyU Ct.,o-aIkoxy, halogen or NO^; is H» CMo-alkyl optionally substituted 
by halogoi, up to periialo; R* is H, hydroxy, C|.,o-alkoxy, optionally substituted by at 
least one hydroxy group; -COOR'; -OR'CONHR^; -NHCOR^ -SR'; phenyl optionally 

30 substituted by halo or C,.,o-alkoxy; NB^; -NCSOjR^ fuiyloxy, 

Preferably, R^ is d, F, C4.5-hranched alkyl, -SO^F or -SOjCF,; and R* is hydroxy; 
C,.|o-alkoxy optionally substituted by at least one hydroxy groiq); -COOR^ - 
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OR'CONHR'; -NHCOR'; -SR'; phenyl optionally substituted by halo or C,.,o-alkoxy; 
NHj; -NCSOjR'),, fiiiyloxy. 

More preferably, R* is t-butyl or CP, and R' is -OCHj. Preferably, R*' is C,.,o-alkyl or 
5 halogen; R^ is H, C,.,o-alkyl, halogen, CTj , halogen, NO, or NH,; and R^is H, C,.,o-alkyl, 
halogen, -NHCOCH,, -N(CHj)(X)CH„ NO» 



K\ R* , R' and R' are each indepraidently H, halogen, C|.,o- alkyl optionally substituted 
by halogen up to pedialo, C,.,o-alkoxy, optionally substituted by at least one hydroxy 
group or halogen, up to perfialo; NO, , SO,F or -SOjCH^,^ C,.,o-alkoxy; -COOR'; 
15 -OR'CONHR'; -NHCOR'; -SR'; C„j aiyl, optionally substituted by C,.,o-alkyl, C,.,o 
aDcoxy or halograi, Cj.„ hetaryl, optionally substitued by C,.,o allqrl, C,.,o alkoxy or 
halogen ; NH,; -N(SO!,R'),; finyloxjr. 




The invention also relates to conq)ounds per se, of formula n 




wherem 
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2 adjacent R^-R^ can together foim an aiyl or hetaryl ring with 5-12 atoms, 
optionally substituted by C,.,o-alkyl, C,.,o-alkDxy, C,.io-cycloalkyl, Cj.io-alkenyI. C,.,©- 
alkanoyl, C^nj-aryl , Cj^^-hetaryl, Ce.,2-arallQrl, C5.,2-alkaryl, halogen; -NR^; -NO,; -CF3; 
-COOR'; -NHCOR'; -CN; -CONR*R'; -SO^R^ -SOR'; -SR^ in which R' is H or C,.,o- 
5 alkyl and R^ is C|.,o-all7l; 

R^\R*' andR^ are each independently H, C,.,o*allcyl» optionally substituted by 



2 adjacent R*'-R*' can together be an aryl or hetaiyl ring with 5-12 atoms; 
R' is C,.,o~aU^lf optionally substituted by halogen, up to peihalo; 
n is 0 or 1; 

IS with the provisos that 

(a) if R' and R^ are both H , one of R^ orR* is not H and 

(b) that R^ is phenyl substituted by alkoxy or halogCT, alkoxy substituted by 
hydroxy, -SOJCF^ -OR'CONHR', 



halogCT, up to peiiialo; NOj or NH,; 
is H, C,.,o-ancyl, halogen, -NHCOR'; -NR'COR*; NO^; 




10 




20 



fiuyloxy or -^{SOjR})^; 
orR^^is 




wo 99/32463 



15 



PCTAjS98/27265 



and (c) if R* is phenyl substituted by alkoxy or halogen, the compounds have a 
pKa greater than 10, e.g., greater than 12, preferably greats than 15. 

Preferred S-tert-butvlphen vl ureas are : 

N-<5-teit-Butyl-2-metfao3qphei^l)-N'-(4-phenyloxphenyl)urea; 

N-<5-tert-BtttyI-2-iQedioxyphenyl)-N44-(4-niethoxyphenyloxy)phenyl)^^ 

N*<5-tert-Butyl-2-nietfaoxyphenyl)-N'-(4-(4-pyiidinyIoxy)phenyl)u^ 

N-<54ert-Butyl-2-methoxyphenyl)-N*-<4-(4-pyridiny]niefhyl)ph 

N-(5-tert-Butyl-2-methoxyphenyl)-N'-(4-(4-pyridinylfliio)pheny 

N-(5-tert-Butyl-2-metho^henyl>hP-<4-(4-(4,7-niethano-lfr^ 

dionyl)methyl)phaayl)urea; 
N-<5-tert-Butyl.2-phenylphMyl)-N'<2,3-dichlorophMyl)ur^ 
NK54ert.Butyl-2-<3.thienyl)phenyl)-N'K23-dichlorDph^^^^ 
N-<5-tert-Butyl-2-<N-methylammocaibonyl)niethoxypheny 

dichlorophenyl)urea; 
N-(5-tert-Butyl-2-(N-mcthylaminocaibonyl)nieflioxyphenyl)-N'-(l-naph%^ 
N<5-tert-Butyl-2-(N-morpholinocaitonyl)methoxyphenyl)-hP-(2,3- 

dichloiophenyl)urea; 

N-^5-tat-Butyl-2-<N-moipholinocaibonyl)mefhoxyphenyl)-N*-(l-naphthyl)u^ 
N-<5-tert-Butyl-2-(3-tetrahydrofuranyloxy)phenyl>N*-(2,3-dicUoro^ 
and 

N-(5-tert-Butyl-2-methoxyphenyl)-N'-(4-(3-pyridinyl)niethylphe^^ 

Preferred S-trifiioromethvlphenvl ureas are: 

N-<5-Trifluorome&yl-2-methoxyphenyl>N'-<4-methy^henyl)urea; 

N-<5-Trifluon)niethyl-2-methoxyphen^N'-<4-methyl-2-£luoropheny 

N-^5-Trifluoroniethyl-2-niethoxyphOTyl)-NX4-fluoio-3-chlorophenyl)ur^ 

N-(5-Trifluoioniethyl-2-niethoxyphcnyl)-N'-(4-niethyI-3-chlorophenyl)ure^ 

N-<5-Tri£luon)methyl-2-niethoxyphenyl)-NX4-mefliyl-3-fluorophenyl)urea; 

N-<5-Trifluoromethyl-2-methoxyphmyl>N'-(2,4-difluorophmyl)ur^ 

N-<5-Trifluoromefliyl-2-niethoxyphenyl)-N'-(4-phmyloxy73,S- 
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dichIorophenyI)urea; 
N-<S-Trifluorome%l-2-metfaoxyphenyl)-N'-(4-(4-pyridmy 
N-<S-Trifluoiome%l-2-me(hoxyphenyl)-NX4-(4-pyridmyl^ 
N-<STrifluorometfayI-2-metfaoxyphenyl)-N'-(4-(4-pyridin^^^ 
N-<STrifluoiome%l-2-methoxyphenyl)-N'-(3<4-pyridin and 
N-<ST]ifIu(m)methyl-2-metfaoxyphenyl)-N'-(4-(3<N-m 

phenyloxy)phmyl)-uiea. 

Preferred S-sulfonvlphenvl ureas are: 

N-(5-FluQrosulfonyl)-2-me4hoxyphenyl)-NX4-methylphen^ 

N-<5<Diflurome!hanesidfonyl>2-mcthoxyphenyl)-N'-<4-m 

(Difliin)mrthanesulfonyl)-2-methoxyphenyl)-N'^^ 

N-(5<DifliTOmethanesulfonyl>2-methoxyphenyl)-NX4-me%l-2- 

£luorophenyl)urea; 

N-(5-(IMfluromethanesulfonyl)-2-mcthoxyphenyl)-N'-(4-m 
fluorophenyl)uxea; 

N-(5<Difluremethanesulfonyl)-2-methoxyphenyl)-NH4-methyl^^ 
ch]oTophenyl)itrea; 

N-<5<Di{luix)methanesidfonyl)-2-methoxyphenyl)-NH4-fl^ 
chloropheQyl)urea; 

N-{S-;(Difliiixymethanesulfonyl)*2-metfaoxypheQyl)-I^ 

methylphenyl)urea; 
N-<5-<Diflu]t>metfaanesidfonyI)-2-methoxyphenyl)-NH23-^^ 

and 

N-<5-(TiifluoTometfaanesulfonyl>2-methoxph»yl)^^ 

Prefmed 2-iiaDhtfavl ureas are: 

N-(3-Methoxy-2-Daphtfayl)-N'-(2-fluorophenyl)urea; 
N-(3-Metfaoxy-2-naphfliyl)->r-(4-me1fay]phaiyl)urea; 
N-<3-Methoxy-2-naphthyl)-N'-<3-fluoiophenyl)ure^ 
N-<3-Methoxy-2-naphtiiyl)-N44-methyl-3-fluorcq>henyI)ure^ 
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N-(3-Methoxy-2-naphthyl>N'-(23-dimethylphenyl)iirea; 
N-(3-Methoxy-2-n^hthyl>N'-(l -iuq)hthyl)urea; 
N-(3-Methoxy-2-naphthyl)-N'-(4-(4-pyridiny]methyO 
N-<3-Methoxy-2-n2^hthyl>N'-<4-<4-pyridinylthio)phenyl)t^ 
N-<3-Metfaoxy-2-nq>hthyl)-N'-(4-<4-metfaoxyphenyloxy)pheayl)i^ and 
N-<3-Methoxy-2.naphthyl).NH4K4-(4J.metiim 



dionyl)mefliyl)phenyl)urea. 



10 



Qtt^er prefeqie(i yyeag {ffg: 

N-(2-Hydroxy-4-mtxo-S-chlorophenyl)-N'-<phenyl)u^ and 



N*(2-Hydroxy-4-mtro-S-«Uoiophenyl)-NX4K4-pyridinylni^ 

The present invention is also directed to pharmaceutically acceptable salts of formula L 
Suitable pharmaceutically acceptable salts are well known to those skilled in the art and 

15 include basic salts of inorganic and organic acids^ such as hydrochloric acid, hydrobromic 
acid, sulphuric acid, phosphoric acid, medianesulphonic acid, sulphonic acid, acetic acid, 
trifluoroacetic acid, malic acid, tartaric acid, citric acid, lactic acid, oxalic acid, succinic 
acid, fiimaric acid, maleic acid, benzoic acid, salicylic acid, phenylacetic acid, and 
mandelic add. In addition, pharmaceutically acceptable salts include acid salts of 

20 inorganic bases, such as salts containing alkalme cations (e.g., Li"^ Na^ or K"^), alkaline 
earfli cations (eg., Mg^^ , Ca*^ or Ba*^, ttie ammonium cation, as well as acid salts of 
organic bases, including aliphatic and aromatic substituted ammonium, and quaternary 
ammonium cations, such as those arising from protonation or peralkylation of 
triethylamine, ^,^-diethylamine, M^-dicyclohexylamine, pyridine, N,N- 

25 dimethylaminopyridme CDMAP), l,4-diazabiclo[2.2.2]octane (DABCO), 1,5- 
diazabicyclo[43.0]non-5-eiie ^BN) and l,8-diazabicyclo[5.4.0]undec-7-ene ^BU). 

A number of the compounds of Formula I possess asymmetric carbons and can therefore 
exist in racemic and optically active forms. Methods of separation of enantiomeric and 
30 diastereomeric mixtures are well known to one skilled in the art The present invention 
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encompasses any isolated racemic or optically active fonn of compounds described in 
Fonnula I which possess p38 kinase inhibitory activity. 

General Preparative Methods 

The conq>oiinds of Foimula I may be prepared by use of known chmical reactions and 
procedures, some fiom starting materials which are commercially available. 
Nevertheless, the following general preparative methods are presented to aid one of skill 
in the art in synthesizing these compounds, with more detailed particular examples being 
presented in the e^erimental section describing the working examples. 



H2/catalyst 
(eg.Ni.Pd.R)\^ 

ArN02 to ► ArNHa 

\ M(0) 

(eg. Fe, Sn, Ca) 

Scheme I Reduction of Nitroaryls to Aryl Amines 

Nitroaryls are commonly formed by electrophilic aromatic nitration using HNO3, or an 
alternative NO/ source* Nitroaryls may be furttier elaborated prior to reductioiL Thus, 
nitroaryls substituted with 

HNO3 

Ar-H ► ArN02 



potmtial leaving groiq)s (eg. F, CI, Br, etc.) nuQr undogo substitution reactions on 
treatment wiA nucleophiles, sudi as tfiiolate (exemplified in Sdieme IQ or phenoxide. 
Nitroarjis may also undergo UUman-type coiq)ling reactions (Sdheme IT). 
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O2N 




ArSH 



base 



1 



O2N 




S-Ar 



O2N 



Br~Ar 



•SH 



2 



CuO/base 



3 



Scheme n Selected Nucleophilic Aromatic Snbstitotion osing Nitroaryls 

Nitroaryls may also undergo transition metal mediated cross coupling reactions. 
For example, nitroaryl electrophiles, such as nitroaryl bromides, iodides or triflates, 
undergo palladiimi mediated cross coupling reactions with aryl nucleophiles, such as 
arylboronic acids (Suzuki reactions, exemplified below), aryltins (Stille reactions) or 
arybdncs (Negishi reaction) to afford the biacyl (5). 



Either nitroaryls or anilines may be converted into the corresponding 
arenesulfonyl chloride (7) on treatment with chlorosulfonic acid Reaction of the sulfonyl 
chloride with a fluoride soxuce, such as KF then affords sulfonyl fluoride (8). Reaction of 
sulfonyl fluoride 8 with trimediylsilyl trifluoromethane in the presence of a fluoride 
source, such as tri5(dimethylamino)sulfonium difluorotrimethylsiliconate (TASF) leads to 
the corresponding trifluoromethylsulfone (9). Alternatively, sulfonyl chloride 7 may be 
reduced to the arenethiol (10), for example with zinc amalgum. Reaction of thiol 10 with 
CHCIF2 in the presence of base gives the difluoromethyl merc^tam (11), which may be 
oxidized to the sulfone (12) with any of a variety of oxidants, including CrOj-acetic 
anhydride (Sedova et al. 2h. Org. Khim. 1970, d, 5(58). 




4 



5 
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Scheme lU Selected Methods of Fluorinated Aryl Sulfone Synthesis 

As shown in Sdieme IV» non-symmetrical urea jfonnati on may involve reaction of 
an aiyl iso^anate (14) with an aiyl amine (13). The heteroaiyl isocyanate may be 
synthesized from a heteroaiyl amine by treatment witii phosgene or a phosgene 
equivalent, such as trichlorometfayl chloroformate (diphosgene), bis(trichloromethyl) 
carbonate (triphosgene), or ^,^'-caifoonyldiimidazole (GDI). The isocyanate may also be 
derived fiom a heterocyclic caiboxylic acid derivative, such as an estor, an add halide or 
an anhydride by a Curtius-type rearrangement Thus, reaction of acid derivative 16 with 
an azide source, followed by rearrangement affords the isocyanate. The corresponding 
carboxylic acid (17) may also be subjected to Curtius-type rearrangements using 
diphenylphosphoryl azide (DPPA) or a similar reagent 



10 
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Ar'-NH2 13 

Ar^-NCO ► Ar'-^M^M-Af^ 

N N 

14 H H 



15 



DPPA 



o o 

16 17 

Scheme IV Selected Methods of Non-^ymmetrical Urea Formation 

Finally, ureas may be further manipulated using methods femiliar to those skilled 
in the art 



The invention also includes pharmaceutical compositions including a compound of 
Formula I, and a physiologically acceptable carrier. 

The conqjounds may be administored orally, topically, parenterally, by inhalation or 
spray, vaginally, rectally or sublingually in dosage unit formulations. The tmn 
'administration by injection* includes intravenous, intramuscular, subcutaneous and 
parenteral injections^ as well as use of infusion techniques. Dermal administration may 
include topical application or transdomal administration. One or more compounds may 
be present in association with one or more non-toxic phannaceutically acceptable carriers 
15 and if desired oHxer active ingredients. 

Compositions intended for oral use may be prepared according to any suitable method 
known to the art for the m a nu facture of pharmaceutical compositions. Such conq)ositions 
may contam one or more agents selected fiom flie group consistmg of diluents, 
20 sweetening agents, flavoring agents, coloring agents and preserving agents in order to 
provide palatable prq>arations. Tablets contain the active ingredient m admixture with 
non-toxic phaimacratically accqitable exdpients which are suitable for the manufacture 
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of tablets. These excipiCTts may be, for example^ inert diluents, such as calcium 
caibonate, sodium carbonate, lactose, calcium phosphate or sodium phosphate; 
granulating and disintegrating agents, for example, com starch, or alginic acid; and 
binding agents, for exan4>le magnesium stearate, stearic acid or talc. The tablets may be 
5 uncoated or ttiey may be coated by known techniques to delay disintegration and 
adsorption in the gastrointestinal tract and thereby provide a sustained action over a 
longer period. For example, a time delay material such as glyceryl monostearate or 
glyceryl distearate may be employed. These compounds may also be prepared in solid, 
rapidly released form. 

10 

Formulations for oral use may also be presented as hard gelatin capsules wherein the 
active ingredient is mixed with an inert solid diluent, for example, calcium caibomite, 
calcium phosphate or kaolin, or as soft gelatin capsules wherein the active ingredient is 
mixed with water or an oil medium, for example peanut oil, liquid paraffin or olive oil 

15 

Aqueous susp^ions containing the active materials in admixture with excipients 
suitable for the manufacture of aqueous suspensions may also be used. Such excipients 
are suspending agmts, for example sodium carboxymethylcellulose, methylcellulose, 
hydroxypropyl-methylcellulose, sodium alginate, polyvinylpyrrolidone, gum tragacanth 

20 and gum acacia; dispersing or wetting agents may be a imturally-occurring phosphatide, 
for example, lecithin, or condensation products of an all^lene oxide wi& fatty acids, for 
example polyoxyethylene stearate, or condensation products of ethylene oxide with long 
chain aliphatic alcohols, for exanq>le heptadecaeOiyleneoxycetanol, or condensation 
products of ediylene oxide with partial esters derived from fiitty adds and hexitol such as 

25 polyoxyethylene sorbitol monooleate, or condensation products of ethylene oxide wiA 
partial esters derived from fatty acids and hexitol anhydrides, for example polyethylene 
sorbitan monooleate. The aqueous suspensions may also contain one or more 
preservatives, for example ethyl, or n-propyl, p-hydroxybenzoate, one or more coloring 
. agents, one or more flavoring agents, and one or more sweetening agents, such as sucrose 

30 or saccharin. 

Dispersible powders and granules suitable for prquuration of an aqueous suspmsion by 
the addition of wato* provide the active ingredient in admixture with a dispersing or 
wetting agent, suspending agent and one or more preservatives. Suitable dispersmg or 
35 wetting agents and suspending agents are exemplified by those already moitioned above. 
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Additional excipients, for example, sweetening, flavoring and coloring agents, may also 
be present ' 

The compounds may also be in the fonn of non-aqueous liquid formulations, e.g., oily 
5 suspoisions which may be fonnulated by suspending the active ingredients in a vegetable 
oil, for example arachis oil, olive oil, sesame oil or peanut oil, or in a mineral oil such as 
liquid parafSn. The oily suspensions may contain a thickening agent, for example 
beeswax, hard parafiBn or cetyl alcohol. Sweetening agents such as those set forth above, 
and flavoring agents may be added to provide palatable oral preparations. These 
10 compositions may be preserved by tiie addition of an anti-oxidant such as ascoibic acid. 

Conq)ounds of the invention may also be administrated transdermally using methods 
known to those skilled in tfie art (see, for example: OAen; '^Transdemial Controlled 
Systemic Medications"; Marcel Dekker, Inc.; 1987. Lipp et al. WO94/04157 3Mar94). 

IS For example, a solution or suspension of a compound of Formula I in a suitable volatile 
solvent optionally containing penetration enhancing agents can be combined with 
additional additives known to those skilled in the art, such as matrix materials and 
bacteriocides. After sterilization, the resulting mixture can be fonnulated following 
known procedures into dosage forms. In addition, on treatment with emulsifying agents 

20 and water, a solution or suspension of a compound of Formula I may be formulated into a 
lotion or salve. 

Suitable solvents for processing transdermal delivery systems are known to those skilled 
in the art, and include lower alcohols such as ethanol or isopropyl alcohol, lower ketones 

25 such as acetone, lower cacboxylic acid esters such as ethyl acetate, polar ethers such as 
tetrahydrofuran, lower hydrocaibons such as hexane, cyclohexane or benzene, or 
halogenated hydrocaibons such as didiloromethane, chloroform, trichlorotrifluoroethane, 
or triddorofluoroelhane. Suitable solvents may also include mixtures of one or more 
materials selected fix>m lower alcohols, lower ketones, lower caiboxylic add esters, polar 

30 ethers, lower hydrocarbons, halogoiated hydrocarbons. 

Suitable penetration enhancing materials for transdermal delivery system are known to 
those skilled in fte art, and include, for example monohydroxy or polyhydroxy alcohols 



wo 99732463 



24 



PCT/US98/27265 



such as ethanol, propylene glycol or benzyl alcohol, saturated or unsaturated Ca-Cjg fetty 
alcohols such as lauryl alcohol or cetyl alcohol, saturated or unsaturated Q-Cig fatty 
acids such as stearic acid» saturated or unsaturated &tty estors with iq> to 24 carbons such 
as methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl isobutyl tertbutyl or monoglycerin 
5 esters of acetic acid, cspronic add, lauric acid, myristinic acid, stearic acid, or palmitic 
acid, or diesters of saturated or unsaturated dicarboxylic acids with a total of iq> to 24 
carbons such as diisopropyl adipate, diisobutyl adipate, diisopropyl sebacate, diisopropyl 
maleate, or diisopropyl fumarate. Additional penetration enhancing materials include 
phosphatidyl derivatives such as lecithin or cq)haliii, terpenes, amides, ketones, ureas and 

10 their derivatives, and ethers such as dimetiiyl isosorbid and diethyleneglycol monoethyl 
ether. Suitable poietration enhancing formulations may also include mixtures of one or 
more materials selected fixmi monohydroxy or polyhydroxy alcohols, saturated or 
unsaturated Cg-Cig &tty alcohols, saturated or unsaturated Cg-Cig fatty acids, saturated or 
unsaturated fiitty esters with iq) to 24 carbons, diesters of saturated or unsaturated 

15 discaiboxylic acids with a total of up to 24 carbons, phosphatidyl derivatives, teipenes, 
amides, ketones, ureas and their derivatives, and ethers. 

Suitable binding materials for transdermal delivery systems are known to those skilled in 
the art and include polyacrylates, silicones, polyurethanes, block polymers, 
20 styrmebutadiene coploymers, and natural and synthetic rubbers. Cellulose ethers, 
derivatized poly^ylenes, and silicates may also be used as matrix components. 
Additional additives, such as viscous resins or oils may be added to increase the viscosity 
of the matrix. 

25 Pharmaceutical con[q>ositions of the invention may also be in the form of oil-in-water 
emulsions. The oil phase may be a veg^able oil, for exanq>le olive oil or aracfais oil, or a 
mineral oil, for example liquid paraffin or mixtures of these. Suitable emulsifying ageats 
may be naturally-occurring gums, for example gum acacia or gum tragacanfli, naturally- 
occurring phosphatides, for example soy bean, lecithin, and esters or partial esters derived 

30 fipom &tty acids and hexitol anhydrides, for exanq[>le sorbitan monooleate, and 
condensation products of the said partial esters with ethylene oxide, for example 



0 
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polyoxyetfaylene soibitan monooleate. The emulsions may also contain sweetening and 
flavoring agents. 

Syiups and elixirs may be formulated with sweetening agents, for example glycerol, 
5 propylene glycol, sorbitol or sucrose. Such formulations may also contain a demulcent, a 
preservative and flavoring and coloring agents. 

The conipounds may also be administered in the form of stqppositories for rectal 
administration of the drug. These compositions can be prq>ared by mixing the drug with 
10 a suitable non-irritating exdpient which is solid at ordinary temperatures but liquid at the 
rectal or vaginal temperature and will therefore melt in the rectum or vagina to release the 
drug. Such materials include cocoa butter and polyethylene glycols. 

For all regimens of use disclosed herein for compounds of Formula I, the daily oral 
15 dosage regimen will preferably be fiom 0.01 to 200 mg/Kg of total body weight. The 
daily dosage for administration by injection, including intravenous, intramuscular, 
subcutaneous and parenteral injections, and use of infusion techniques will preferably be 
fiom 0.01 to 200 mg/Kg of total body weight. The daily vaginal dosage regimen will 
preferably be torn 0.01 to 200 mg/Kg of total body weight. The daily rectal dosage 
20 regimen will preferably be fiom 0.01 to 200 mg/Kg of total body weight The transdermal 
concoitration will preferably be that required to maintain a daily dose of fix)m 0.01 to 200 
mg/Kg. The daily topical dosage regimen will preferably be fix>m 0.1 to 200 mg 
administered between one to four times daily. The daily inhalation dosage regimen will 
preferably be fiom 0.01 to 10 mg/Kg of total body weight 

25 

It will be s^reciated by diose skilled in the art ^t the particular me&od of 
administration will dq)end on a variety of factors, all of which are consida:ed routinely 
when administering tfaa;^>eutics. It will also be undostood, however, that the specific 
dose level for a given patient depends on a variety of factors, including specific activity 

30 of the compound administered, the age of the patient, the body weight of the patient, the 
general health of the patient, the gender of flie patient, the diet of fiie patient, time of 
administration, route of administration, rate of excretion, drug combination, and the 
severity of the condition undagomg therapy, etc. It will be fiirther qypreciated by one 
skilled in die art that the optimal course of treatment, i.e.; the mode of treatment and the 

35 daily number of doses of a conqK>und of Formula I or a phaxmaceutically accqitable sah 



wo 99732463 PCTAJS98/27265 

26 

diereof given for a defined number of days, can be ascertained by those skilled in the art 
using conventional course of treatmment tests. 

The conq>ounds of Figure I are producible 6om known compounds (or from starting 
5 materials which, in turn, are producible fiom known compounds), e.g., flirough the 
general prq)arative methods shown above. The activity of a given compound to inhibit 
raf kinase can be routinely assayed, eg., according to procedures disclosed below. The 
following examples are for illustrative purposes only and are not intended, nor should 
they be construde to limit the invention in any way. 

10 

The entire disclosure of all applications, patents and publications cited above and below 
are hereby incorporated by reference, including provisional q>plication serial nunber 
attorney docket number Bayer 10-Vl, filed on December 22, 1997 as serial number 
08/995,749, and converted on December 22, 1998. 

IS 

The following examples are for illustrative purposes only and are not intended, nor 
should they be construed to limit the invention in any way. 

EXAMPLES 

20 All reactions were performed in flame-dried or oven-dried glassware under a positive 
pressure of dry argon or dry nitrogen, and were stirred magnetically unless otherwise 
indicated. Sensitive liquids and solutions were transferred via syringe or r.ati«nia^ and 
introduced into reaction vessels through rubber scptSL Unless otherwise stated, the tenn 
'concentrafion under reduced pressure' refers to use of a Buchi rotary evaporator at 

25 iqyproximately 15 mmHg. 

AU temperatures are rq>orted uncorrected in degrees Celsius C*C). Unless ottiowise 
indicated, all parts and percentages are by wd^ 

30 Commercial grade reagents and solvents were used without fimher purificatiorL Thin- 
layer duomatogrq[>hy (TLC) was performed using Whatman* pre-coated glass-backed 
silica gel 60A F-254 250 fim plates. Visualization of plates was efifected by one or more 
of the foUovdng techniques: (a) ultraviolet illumination, (b) exposure to iodine vapor, (c) 
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immersion of the plate in a 10% solution of pho^homolybdic acid in dfaanol followed by 
heatings (d) immersion of the plate in a cerium sul&te solution followed by heating, 
and/or (e) immersion of the plate in an acidic etfaanol solution of 2,4- 
dinitrophenylhydrazine followed by heating. Column chromatography (fla^ 
S chromatography) was performed using 230-400 mesh EM Science* silica gel. 

Melting points (mp) were detomined using a Thomas-Hoover melting point ^aratus or 
a Mettler FP66 automated melting point appwtus and are uncorrected. Fourier 
transform infrared sprectra were obtained using a Mattson 4020 Galaxy Series 

10 spectrophotometer. Proton ('H) nuclear magnetic resonance (NMR) spectra were 
measured widi a General Electric Ol-Qmega 300 (300 MHz) spectrometer with either 
Me4Si (d 0.00) or residual protonated solvent (CHCI3 8 7.26; MeOH 8 3.30; DMSO 8 
2.49) as standard. Caibon (^^C) NMR spectra were measured with a General Electric GN- 
Omega 300 (75 MHz) spectrometer with solvent (CDClj 8 77.0; MeOD-dj; 8 49.0; 

IS DMSO-d« 8 39.5) as standard. Low resolution mass spectra (MS) and high resolution 
mass spectra (HRMS) were either obtained as electron impact (EI) mass spectra or as &st 
atom bombardment ^AB) mass spectra. Electron impact mass ^ectra (EI-MS) were 
obtained with a Hewlett Packard S989A mass spectrometer equipped with a Vacumetrics 
Desotption Chemical Ionization Probe for sample introduction. The ion source was 

20 maintained at 250 Electron inq>act ionization was performed with electron energy of 
70 eV and a ti^ current of 300 )iA. Liquid-cesium secondary ion mass spectra (FAB- 
MS), an iqidated version of fiist atom bombardment were obtained using a Kratos 
Concept 1-H spectrometer. Chmiical ionization mass spectra (CI-MS) were obtained 
using a Hewlett Padcard M!S-Engine (5989A) with meftane or ammonia as the reagent 

25 gas (IxlOr^ torr to 2.5x10^* toir)* The direct insertion desoiption dxemical ionization 
(PCt) probe (Vaccum^cs, Inc.) was ramped from 0*1.5 amps in 10 sec and held at 10 
anq)s until all traces of the sample disappeared ( ~l-2 min). Spectra were scanned fiom 
50-800 amu at 2 sec per scan. HPLC - electrospray mass spectra QIPLC ES-MS) were 
obtained using a Hewlett-Packard 1100 HPLC equipped with a quaternary pump» a 

30 variable wavelength detector, a C-18 column, and a Finnigan LCQ ion trap mass 
spectrometer with electrospray ionization. Spectra were scanned from 120-800 amu 



wo 99/32463 PCT/US98/27265 

28 

using a variable ion time according to the numb^ of ions in the source. Gas 
chromatography - ion selective mass spectra (GC-MS) were obtained vnih a Hewlett 
Packard 5890 gas chromatogr^h equipped with an HP-1 methyl silicone column (0.33 
mM coating; 25 m x 0.2 mm) and a Hewlett Packard 5971 Mass Selective Detector 
5 (ionization energy 70 eV). Elemental analyses are conducted by Robertson Microlit 
Labs, Madison NL 

All compounds displayed NMR spectra, LRMS and either elemental analysis or HRMS 
consistant with assigned structures. 

10 

List of Abbreviations and Aeronyms: 



AcOH acetic add 

anh anhydrous 

BOC /err-butoxycaibonyl 

15 cone concentrated 

dec decomposition 

DMPU 1 ,3-dimethyl-3,4,5,6-tetrahydro-2(lI^-pyrimidinone 

DMF i^,^-dimethylfonnamide 

DMSO dimethylsulfoxide 

20 DPPA dipheny^hosphoiyl azide 

EtOAc ethyl achate 

EtOH ethanol(100%) 

Et^O diethyl ether 

Et3N triethylamine 

25 m-CPBA 3-chloroperoxybeQzoic add 

MeOH methanol 

pet ether petroleum ether (boiling range 30-60 ^C). 

THF tetrahydrofinan 

TFA tiifluoroacetic add 

30 Tf trifluoromedianesulfonyl 
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A. General Methods for Synthesis f Substituted Anflines 
Al. Synthesis f 2,5-DioxopyrrolidinylanUines 




Step 1. 4-/eft-BntyM-(2,5*dioxo-l-pyrrolidinyl)-2-nitrobenzene: To a solution of 4- 
5 /ert-butyI-2-mtroamline (1.04 g, 535 mmol) in xylene (25 mL) was added succinic 
anhydride (0.0535 g, 5.35 mmol) and triefhylamine (0.75 mL, 5.35 mmol). The reaction 
mixture was heated at ttie reflux temp, for 24 h, cooled to room temp, and diluted with 
EtsO (25 mL). The resulting mixture was sequentially washed with a 10% HCl solution 
(50 mL), a saturated NII4CI solution (50 mL) and a saturated NaCl solution (50 mL), 
10 dried (MgSOJ, and concentr^ed under reduced pressure. The residue was purified by 
flash cromatography (60% EtOAc/40% hexane) to yield the succinimide as a yellow solid 
(1.2 g, 86%): mp 135-138 X; *H NMR (CHCI3) 8 1.38 (s, 9H), 2.94-2.96 (m, 4H), 7.29- 
7J1 (m, IH), 7.74-7.78 (m, IH), 8.18-8.19 (m, IH). 




15 St^2. 5-^-Bntyl-2K2,5-diDxo-l-pyrFoUdky0aniline: To a soludon 

l-<2,5-dioxo-l-pynolidinyl)-2-nitrobenzCTe (1.1 g, 4.2 mmol) in EtOAc (25 mL) was 
added a 10% Pd/C (0.1 g). The resulting slurry was placed under a Hj atmosphere usmg 
3 cycles of an evacuate-quendi protocol and was allowed to stir under a H2 atmosphere 
for 8 h. The reaction mixture was filtered through a pad of Celite* and the residue was 

20 washed with C^Cl). The combined filtrate was concentrated under reduced pressure to 
yield the desu:ed aniline as an oft-white solid (0.75 g, 78%): mp 208-21 1 ""C; 'H-NMR 
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(DMSOO 5 1.23 (s, 9H), 2.62-2.76 (m, 4H). 5.10 (br s, 2H), 6.52-6,56 (m, IH), 6.67- 
6.70(in,2H). 

A2. General Method for the Synthesis of Tetrahydrofuranyloxyanflines 




5 Step 1.4-lerr-Bnlyl-l-(3-tetrahydrofuranyloxy)-2-nitrobenzene: To a solution of 4- 
rer/-butyI-2-nitrophenol (1.05 g, 5.4 nsmol) in anh TEIF (25 mL) was added 3- 
hydroxytetrahydrofuran (0.47 g, 5.4 mmol) and tripheny^hosphine (1.55 g, 5.9 mmol) 
followed by diethyl azodicaiboxylate (0.93 ml, 5.9 mmol) and ihe mixture was allowed to 
stir at room temp, for 4 h. The resulting mixture was diluted with EtjO (50 mL) and 

10 washed with a saturated NH4C1 solution (50 mL) and a saturated NaCl solution (50 mL), 
dried QA^O^^ and concentrated under reduced pressure. The residue was purified by 
flash cromatography (30% EtOAc^0% hexane) to yield the desired ether as a yellow 
soUd (1.3 g. 91%): 'H-NMR (CHa,) 6 1.30 (s, 9H), 2.18-2.24 (m, 2H), 3.91-4.09 (m, 
4H), 5.00-5.02 (m. IH), 6.93 (d, >8.8 Hz. IH), 7.52 (dd. jm.6, 8.8 Hz, IH), 7.81 (d, 

15 J^2.6Hz,lH). 




Step 2.5^lerr-Butyl-2-(3*tetrahydrofaranylozy)aniIine: To a solution of 4-/ert-butyl-l- 
I (3-tetrahydiofuranyloxy)-2-mtrobenzene (1.17 g, 4.4 mmol) in EtOAc (25 mL) was 

added 10% Pd/O(0.1). The resulting slurry was placed under a Hj atmosphere using 3 
20 cycles of an evacuate-quench protocol and was allowed to sthr under a Hj atmosphere for 
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8 h. The reaction mixture was filtered through a pad of Celite and washed with CHCI3. 
The combined filtrate was concentrated under reduced pressure to yield of die desired 
aniline as a yeUow solid (0.89 g, 86%): mp 79-82 °C; *H-NMR (CHCy 6 1.30 (s, 9H), 
2.16-2.20 (m, 2H), 3.78 (br s, 2H), 3.85-4.10 (m, 4H),4.90 (m, IH), 6.65-6.82 (m, 3H). 

5 A3. General Method for the Synthesis of Trifluoromethanesulfonylanilines 



Step 1. 2-Methoi7-5-(flaorosiilfonyl)acetaniUde: Acetic anhydride (0.90 mL, 9.6 
mmol) was added to a solution of 4-methoxymetanilyI fluoride (1.0 4.8 mmol) in 
pyridine (IS mL). After being stizred at room ten^. for 4 h, the reaction mixture was 
10 concoitrated under reduced pressure. The resultmg residue was dissolved in CHjCl, (25 
mL), washed with a saturated NaHCOj solution (25 mL). dried Ct^ajSOJ, and 
concentrated under reduced pressure to give a foam which was triturated with a 
E^O/hexane solution to provide the title compound (0.85 g): 'H-NMR (CDCI3) 5 2.13 



(s, 3H), 3.98 (s, 3H), 7.36 (d, Je=8.5 Hz, 1H), 7.82 (dd, >a.6, 8.8 Hz, IH), 8.79 (d, J=2.2 
15 Hz,lH),9.62(brs,lH). 



Step2.2-Methor}r.S<triflttoromethanesiiIfonyI)acetanilide: To an ice-cooled 
suq>ension of tris(dimelfaylamino)sulfonium difluorotrimethylsiliconate (0.094 g, 0.34 
mmoQ in THF (4 mL) was added a solution of (trifluoromethyI)trimediylsilane (LO mL, 

20 6.88 mmol) in THF (3 mL) followed by a solution of 2-meaioxy-S- 
(fluorosulfoi^l)acetanilide (0.85 g, 3.44 mmol) in THF (3 mL). The reaction mixture 
was stirred fiir 2 h on an ice bath, then was allowed to warm to room temp, and was then 
concentrated under reduced pressure. Hie resulting residue was dissolved in CE^Qa (25 
mL), washed with wator (25 mL), dried Qf^O^X and concmtrated under reduced 

25 pressure. The resulting matoiaf was purified by flash chromatognq)hy (3% MeOH/97% 




SO2F 
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CHjCy to provide the title compound as a white solid (0.62 g): *H-NMR (CDCI3) 5 2.13 
(s, 3H) 4.00 (s, 3H), 7.42 (d, J^S.B Hz, IH), 7,81 (dd, >2.6, 8.8 Hz, IH), 8.80 (d, J^.2 
Hz, IH), 9.64 (br s, IH); FAB-MS m/z 298 ((M+l)*). 




Step3*2-Methoxy-5-(trifluoroinethaiiesttIfonyl)aiiiline: A solution of 2-methoxy-5- 
(trifluoromethanesulfonyl)acetanilide (0.517 g, 1.74 mmol) in EtOH (5 mL) and a 1 N 
HCl solution (5 mL) was heated at the reflux teaxp. for 4 h and the resulting mixture was 
concentrated under reduced pressure. The residue was dissolved in CHjClj (30 mL), 
washed with watw (30 mL), dried (NajSOJ, and concentrated under reduced pressure to 
afford the tiUe conq)ound as a gum (033 g): 'H-NMR (CDCI3) 5 3.90 (s, 3H) 5.57 (br s, 
2H), 7.11-7.27 (m, 3H); FAB-MS m/fe 256 ((M+l)")- This material was used in urea 
formation without further purification. 

A4. General Method for Aryl Amine Formation via Phenol Nitration Followed by 
Ether Formation and Reduction 




OH 



Stq> 1.2-Nitro-5-rerr*bntyIpheDol : A mixture of fummg nitric acid (3.24 g, 77.1 mmol) 
m glacial HOAc (10 mL) was added dropwise to a solution of m-fcrt-butylphenol (1 1.58 
g,77.1 mmol) in glacial HOAc (IS mL) at OX. The mixture was allowed to stir at 0 ""C 
min then warmed to room ten^. After 1 h the mixture was poured into ice water 
(100 mL) and extracted with EtjO (2 x 50 mL). The organic layer was washed with a 
saturated NaCl solution (100 mL), dried (MgS04) and concentrated in vacuo. The 
residue was purified by flash chromatogr^hy (30% EtOAc/70% hexane) to give the 
desired phenol (4.60 g, 31%): 'H-NMR (DMSCM^ 5 1.23 (s, 9H), 7.00 (dd, >1.84, 8.83 
Hz, IH), 7.07 (d, ^L84 Hz, IH), 7.82 (d, ,^=8,83 Hz, IH), 10.74 (s, IH). 
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Step 2. 2-Nitro-5-#err-bntylaiiisoIe: A sluny of 2-mtro-5-/e7t-butylphenol (3.68 g, 
18.9 mmol) and K^COj (326 g, 23.6 mmol) in anh DMF (100 mL) was stirred at room 
temp with stiiring for IS min then treated with iodomethane (2.80 g, 19.8 mmol) via 

5 syringe. The reaction was allowed to stir at room temp for 18 h.» then was treated with 
water (100 mL) and extracted with EtOAc (2 x 100 mL). The combined organic layers 
were washed with a saturated NaQ solution (SO mL), dried (Nf gSOJ and concentrated in 
vacuo to give the desired ether (3.95 & 100%): 'H-NMR (DMSO-d«) 5 L29 (s, 9H), 3.92 
(s. 3H), 7.10 (dd. >1.84. 8.46 Hz, IH), 7.22 (d, >1.84 Hz. IH), 7.79 (d, J^M Hz, IH). 

10 This material was used in the next stq) without fiirtha: purification. 




Step 3. 4-/err-ButyI-2-methoxyanillne: A solution of 2-nitro-S-^err-butylanisole (3.9S 
g, 18.9 mmol) in MeOH (65 mL) and added to a flask containing 10% Pd/C in MeOH 
(0.400 g), then placed under a atmosphere (balloon). The reaction was allowed to stir 
IS for 18 hat room ten^i, then filtered through a pad of Celite^ and concentrated ui vacuo to 
afford flie desired product as a dark sitcky solid (3.40 g, 99%): ^-NMR (DMSO-d^ 5 
1.20 (s, 9H), 3.72 (s, 3H), 4.43 (br s, 2H), 6.51 (d, J^8.09 Hz, IH), 6.64 (dd, J^2.21, 8.09 
Hz, IH), 6.76 (d, Hz, IH). 

20 AS. General Method for Ar^ Amine FormatiDn via Carbolic Add 
Esterification Followed by Reduction 




CO2H 
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Step 1. Methyl 2-Nitro-4-(triflaorometliyl)beiizoate: To a solution of 2-nitro-4- 
(trifluoiomethyl)ben2oic acid (4.0 g, 17.0 mmol) in MeOH (150 mL) at room temp was 
added cone H2SO4 (2.5 mL). The mixture was heated at the reflux temp for 24 h.» cooled 
to room temp and concentrated in vacuo. The residue was diluted with water (100 mL) 
5 and extracted with EtOAc (2 x 100 mL). The combined organic layers were washed witii 
a saturated NaCl solution, dried (^^O^)^ concentrated in vacuo. The residue was 
purified by flash chromatogr^hy (14% EtOAc/86% hexane) to give the desired esto* as a 
pale yeUow oil (4.17 g, 98%): *H-NMR (DMSO-dJ 5 3.87 (s, 3H), 8.09 (d, M7.72 Hz, 
IH), 8.25 (dd,^l.ll. 8.09Hz. IH), 8.48 (d,>l.ll Hz, IH). 




10 COaMe 

Step 2. Methyl 2-Ammo^trifluoromethyl)benzoate: A solution of melhyl 2-nitro-4- 
(trifluoromethyl)benzoate (3.90 g, 15.7 mmol) in EtOAc (100 mL) and added to a flask 
contaming 10% Pd/C (0.400 mg) in EtOAc (10 mL), then placed vaader a H, atmosphere 
(balloon). The reaction was allowed to stir for 18 h at room tenq), then was filtered 

15 ttirough Celite* and concentrated in vacuo to afford tfie desired product as a v^te 
oystalline soUd (3.20 g, 93%): 'H-NMR (DMSCK) 8 3.79 (s, 3H), 6.75 (dd. >1.84, 
8.46 Hz. IH), 6.96 (br s, 2H), 7. 1 1 (d, •M).73 Hz, IH), 7.83 (d, ,^.09 Hz, IH). 



A6. General Method for Aryl Amine Formation via Ether Formation Followed 
20 Ester Saponification, Curtius Rearrangement, and Carbamate Deprotection 




Step 1. Methyl 3-Metfaoxy<-2*naphtfaoate: A slurry of methyl 3-hydroxy-2-mqphtfioate 
(10.1 g, 50.1 mmol) and K2CO3 (7.96 g, 57.6 mmol) in DMF (200 mL) was sthred at 
room temp for 15 min, then treated with iodomethane (3.43 mL, 55.1 mmol). The mixture 
25 Was allowed to stir at room tenq> overnight, then was treated with water (200 mL). The 
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resulting mixture was extracted with EtOAc (2 x 200 mL). The combined organic layers 
were washed with a saturated NaCl solution (100 mL), dried (MgSOJ, concentrated in 
vacuo (^^proximately 0.4 mmHg overnight) to give the desired ether as an amber oil 
(10.30 g): 'H-NMR (DMSO-de) S 2.70 (s, 3H), 2.85 (s, 3H), 7.38 (app t, ^8.09 Hz, IH), 



5 7.44 (s, IH), 7.53 (zjpp t, ^8.09 Hz, IH), 7.84 (d. >=8.09 Hz, IH), 7.90 (s, IH), 8.21 (s. 
IH). 



Step 2. 3-Met]ioxy-2-naphtiioic Add: A solution of methyl 3-mettioxy-2-n^hflioate 
(6.28 g, 29.10 mmol) and water (10 mL) in MeOH (100 mL) at room Ump was treated 

10 with a 1 N NaOH solution (33.4 mL, 33.4 mmol). The mixture was heated at the reflux 
temp for 3 h, cooling to room temp, and made acidic with a 10% citric acid solution. The 
resulting solution was extracted with EtOAc (2 x 100 mL). The combined organic layers 
were washed with a saturated NaCl solution, dried QAgSO^ and concentrated in vacuo. 
The residue was triturated with hexanes and washed several times with hexanes to give 

15 the desired caiboxylic acid as a white crystalline solid (5.40 g, 92%): 'H-NMR (DMSO- 
d^ 5 3.88 (s, 3H), 7.34-7.41 (m, 2H), 7.49-7.54 (m, IH), 7.83 (d, ,^8.09 Hz, IH), 7.91 (d, 
•^=8.09 Hz, IH), 8.19 (s, IH). 12.83 (br s, IH). 



Step 3. 2-(AKCarboben^loxy)amino-3-methoxynaphtfaalene: A solution of 3- 



20 medioxy-2-n^htiioic acid (336 g, 16.6 mmol) and Et^N (2.59 mL, 18.6 mmol) in anh 
toluene (70 mL) was stirred at room temp, for IS min., then treated with a solution of 



resulting mixture was heated at 80 X for 2 h. After cooling the mixture to room temp, 
beo^l alcohol (2.06 mL, 20 mmol) was added via syringe. The mixture was then warmed 
25 to 80 °C overnight The resulting nuxture was cooled to room t^p., qumched with a 




OMe 




diphmylphosphoryl azide (5.12 g, 18.6 mmol) in toluene (10 mL) via pipette. The 
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10% citric acid solution, and extracted with EtOAc (2 x 100 mL). The combined organic 
layers wm washed with a saturated NaCl solution, dried (MgSOJ, and concentrated in 
vacuo. The residue was purified by flash chromatogr^hy (14% EtOAc/86% hexane) to 
give the benzyl carbamate as a pale yellow oil (S.l g, 100%): 'H-NMR (DMSO-dJ 5 3.89 
5 (s, 3H). 5.17 (s, 2H), 7^7-7.44 (m, 8H), 7.72-7.75 (m, 2H), 8.20 (s, IH), 8.76 (s, IH). 



Step 4.2-Amino-3-methoxynaphthaleiie: A slurry of 2-(7\r-(carbobenzyloxy)amino-3- 
mefhoxynaphthalene (5.0 g, 163 mmol) and 10% Pd/C (0.5 g) in EtOAc (70mL) was 
maintained under a atmospheric (balloon) at room temp, overnight The resulting 
10 mixture was filtered through Celite* and concentrated in vacuo to give the desired amine 
as a pale pink powder (2.40 g, 85%): "H-NMR (DMSO-d^ 5 3.86 (s, 3H), 6.86 (s, 2H), 
7.04-7.16 (m, 2H), 7.43 (d, J£=8.0 Hz, IH), 7.56 (d, >=8.0 Hz, IH); EI-MS m/z 173 (NT). 

A7. General Method for the Synthesis of Aryl Amines via Metal-Mediated Cross 
1 5 Coupling Followed by Reduction 



Step 1.5-#€ir-Batyl-2-(triflaoromethanesalfonyOozy-l-nitrobeiizene: To an ice cold 
solution of 4-lM-butyl-2-nitn>phmol (6.14 g, 31.5 mmol) and pyridine (10 mL, 125 
mmol) in CH^Cl^ (50 mL) was slowly added tzifluonmidfaanesulfimic anhydride (10 g, 
20 35.5 nunol) via syringe. The reaction mixture was stuxed for 15 tnin, fhm allowed to 
warm up to room temp, and diluted with CH2Cl2(100 mL). The resultmg mixture was 
sequentially washed wifli a IM NaOH solution (3 x 100 mL), and a IM HCl solution (3 
x 100 mL), dried (MgSOJ, and concentrated under reduced pressure to afford the title 
compound (8.68 g, 84%): *H-NMR (CDCI3) 8 1.39 (s, 9H), 7.30-8.20 (m, 3H). 




OMe 




OTf 
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NO2 



F 



Step2.5-/e/f-'ButyI-2-(3-flaorophenyI)-l-nitrobenzene: A mixture of 3- 
fluorobenzeneboronic acid (3.80 g, 27.5 mmol), KBr (2.43 g, 20.4 mmol), K3PO4 (6.1 g, 
28.8 mmol), and Pd(PPh3)4 (1.0 g, 0.9 mmol) was added to a solution of 5-rcr/-butyl-2- 

5 (trifluoromethanesulfonyl)oxy-l -nitrobenzene (6.0 g, 18.4 mmol) in dioxane (100 mL). 
The reaction mixture was heated at 80 ""C for 24 h, at which time TLC indicated conq>lete 
reaction. The reaction mixture was treated with a saturated Wi^Cl solution (50 mL) and 
extracted EtOAc (3 x 100 mL). The combined organic layers were dried ^gSO^ and 
concentrated under reduced pressure. The residue was purified by flash chromatogrE^hy 

10 (3% EtOAc/97% hexane) to give the title compound (4.07 g, 81%): 'H-NMR (CDCy 6 
1.40 (s, 9H). 6.90-7.90 (m, 7H). 



Step3.S-i;err-Bntyl-2-(3-flaorophenyl)aniluie: To a solution of S-/err-butyl-2-(3- 
fluon>phei^l)-l-mtrobenzene (3.5 g, 12.8 mmol) and EtOH (24 mL) in EtOAc (96 mL) 
IS was added 5% Pd/C (0.350 g) and flie resulting slurry was stirred under a atmosphere 
fiar 24 h^ at which time TLC jndicflted cnmplgte ftftngiinnptinn nf fftyi^^ffg mfftfriffl. The 
reaction mixture was filtered Ihrou^ a pad of Celite^ to give tiie deshed product (2.2 g, 
72%): •H-NMR (CDCa,) 5 1.35 (s, 9H), 3.80 (br s, 2H), 6.90-7.50 (m. 7H). 

20 A8. General Method for flie Synthesis of NitroaniUnes 




wo 99/32463 



38 



PCT/US98/2726S 



H2N 




H 



Step 1.4-(4-(2-PropoxycarbonyIaimao)phenyl)melhylaniIine: A solution of di-rerr- 
butyl dicaibonate (2.0 g, 9.2 mmol) and 4,4'-methylenedianiline (1.8g, 9.2 mmol) in 
DMF (100 mL) was heated at the reflux temp, for 2 h, then cooled to room temp. This 
mixture was diluted with EtOAc (200 mL) sequentially washed with a saturated NH4CI 
(200 mL) and a saturated NaQ solution (100 mL), and dried (MglSO^. The residue was 
purified by flash chromatography (30% EtOAc/70% hexane) to give the desired 
caihamate (1.3 g, 48%): "H-NMR (CDCl,) 5 1.51 (s. 9H), 3.82 (s, 2H), 6.60-7.20 (m, 
8H). 



Step 2.4-(4-(2-Propoxycarbonylamlno)phenyl)methyl-l-nitrobenzene: To an ice cold 
solution of 4-(4-(2-propoxycaibonylamino)phenyl)methylaniline (1.05 g, 3.5 mmol) in 
CH2CI2 (1 5 mL) was added m-CPBA (1 .2 g, 7.0 mmol). The reaction mixture was slowly 
allowed to wann to room temp, and was stirred for 45 min, at which time TLC indicated 
disappearance of starting material. The resulting mixture was diluted with EtOAc (50 
mL), sequetitially washed with a IM NaOH solution (50 mL) and a saturated NaCl 
solution (50 mL), and dried (MgSOJ. The residue was purified by flash chromatogr^hy 
(20% EtOAc/80% hexane) to ^ve tiie desired nitrobenzene (0.920 g): FAB-MS m/fe 328 



prqpoxycaibonyIamino)phenyl)methyl-l-mtrobenzene (0.920 g, 2.8 mmol) in dioxane 
(10 mL) was added a cone. HQ solution (4.0 mL) and the resultmg mixture was heated 
at 80 for 1 h at which time TLC indicated diss^pearance of starting material. The 
reaction mixture was cooled to room temp. The resulting mixture was diluted with 
EtOAc (50 mL), tiien washed wifli a IM NaOH solution (3 x 50 mL), and dried (MgSOJ 
to give the desked aniline (0.570 mg, 89%): 'H-NMR (CDCly) 5 3.70 (br s, 2H), 3.97 (s, 




(NO. 




Step 3.4-(4*NitrophenyI)mrtliylaniliDe: 



To a sohition of 4-(4<2- 
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2H), 6.65 (d, >8.5 Hz. 2H), 6.95 (d, J=S.5 Hz, 2H), 7.32 (d, >*.8 Hz, 2H), 8.10 (d, 
>=8.8Hz,2H). 

A9. General Method for Synthesis of Aiyl Anilines via Allcylation of a 



Step 1.4-(a-BromoacetyOniorpholine: To an ice cold solution of moipholine (2.17 g, 
24.9 mmol) and diisopiopyletfaylamine (3.21 g, 24.9 nunol) in CH2CI2 (70 mL) was 
added a solution of bromoacetyl bromide (5.05 g, 25 mmole) in CH^Clj (8 mL) via 
10 syringe. Theiesultingsolutionwaskq>tatO^Cfor45nun, then was aUowed to warn 
room temp. The reaction mixture was diluted with EtOAc (500 mL), sequentially washed 
widi a IM HQ solution (250 mL) and a saturated NaCl solution (250 mL), and dried 
G^gS04) to give the desired product (3.2 g, 62%): 'H-NMR (DMSO-d^ S 3.40-3.50 (m, 
4H), 3.50-3.60 (m, 4H), 4.1 1 (s, 2H). 



Step 2.2-(Ar-Morpholinylcarbonyl)methoxy-5-r^-bntyl-l-nitrobenzene: A slurry of 
4-/err-butyl-2-nitrophenol (3.9 g, 20 mmol) and K^COj (3.31 g, 24 mmol) in DMF (75 
mL) was stirred at room temp, for 15 minutes, then a solution of 4-(a- 
broinoacety])mor[dioline (4.16 g,20 mmol) in DMF (10 mL) was added. The reaction 
20 was allowed to stir at room tsmp. overnight* tiien was diluted witfi EtOAc (500 mL) and 
sequentially washed witti a saturated Nad solution (4 x 200 mL) and a IM NaOH 
solution (400 mL). The residue was purified by flash chromatography (75% EtOAc/25% 
hexane) to give the nitrobenzene (2.13 g, 33%): 'H-NMR (DMSO-dJ 6 1.25 (s, 9H). 
3.35-3.45 (m, 4H), 3.50-3.58 (m, 4H), 5.00 (s, 2H), 7.12 (d, >8.8 Hz, IH), 7.50-7.80 (m. 



5 



Nitrophenol Followed by Redaction 

o 



15 




25 2H). 
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Stqp 3.2-(7V-MotpbolmylcarbonyI)methoxy-5-reil'-bntyI^ To a solution of 2-(^^ 
moipholinylca]tK)nyl)mefhoxy-5-re7t-butyI^ g, 6.6 mmol) and EtOH 

(10 mL) in EtOAc (40 mL) was added 5% Pd/C (0.215 g). The resulting slurry was 
5 stirred under a Hj atmosphere for 6 h, at which time TLC indicated complete 
consumption of starting matoial. The reaction mixture was filtered through a pad of 
Celite* to give the desired product (1.9 g, 98%): *H-NMR (DMSOd^ 5 1.18 (s, 9H), 
3.40-3^0 (m, 4H), 3.50-3.60 (m, 4H), 4.67 (br s, 2H), 4.69 (s, 2H), 6.40-6.70 (m, 3H). 

10 AID* General Method for Aryl Amine Formation via Nitrophenol Allcylation 
Followed by Reduction 




Stq> 1.5-rerf-BatyI-2-(2-hydroxyetfaoxy)-l-nitrobenzene: A solution of 4-/crr-butyl-2- 
nitrophoiol (30 g, 0.15 mol) and tetra-7i-butylanunonium fluoride (0.771 g, 3.0 mmol) in 

15 efliylene carbonate (10.24 mL. 0.15 mol) was heated at 150 ^'C for 18 h, thra cooled to 
room temp, and separated between water (50 mL) and CHjClj (50 mL). The organic 
layo* was dried (MgS04) and concentrated under reduced pressure. The residue was 
purified by column chromatogr^hy (20% EtOAc/80% hexane) to afford the desired 
product as a brown oil (35.1 g, 90%): 'H-NMR (DMSO-dJ 5 1.25 (s, 9H), 3.66-3.69 (m, 

20 2H). 4.10-4.14 (t, >5.0 Hz, 2H), 4.85 (t, >=5.0 Hz, IH), 7.27 (d, >8.8 Hz, IH), 7.60- 
7.64 (m, IH), 7.75 (d, J^2.6 Hz, IH). 
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Step 2.5-/^-Butyl*2-(2-r^-butoxycarbonyloxy)ethoxy)-l-nitrobeiizene: A solution 
of 5-reit-butyl-2-(2-hydioxyethoxy)-l -nitrobenzene (0.401 g, 1.68 mmol), di-rerr-butyl 
dicaibonate (0.46 mL, 2.0 mmol) and dimethylaminopyridine (0.006 g, 0.05 mmol) in 

5 CH2CI2 (IS mL) was stirred at room temp, for 30 min, at whicb time TLC indicated 
consumption of starting material. The resulting mixture was washed with water (20 mL), 
dried (MgSOJ and concentrated under reduced pressure. The residue was purified by 
column chromatography (3% MeOH/97% CH2Q2) to give the desked product as a yellow 
oU (0.291 g, 51%): 'H-NMR (DMSO-d^ 8 1.25 (s, 9H), 1.38 (s, 9H), 4.31 (br s. 4H), 7.27 

10 (d, J£=9.2 Hz, IH) 7.64 (dd, >=2.6, 8.8 Hz, IH) 7,77 (d, J^2.6 Hz, IH). 




Step 3.5-/£rr-BntyI-2-(2-/err-butoxycarbonyIoxy)ethoxy)anilme: To a mixture of 5- 
i;eft-butyl-2-(2-im-butoxycarbonyloxy)elfaoxy)-l*mtn>ben^ (0^90 g, 0.86 mmol) and 
5% Pd/C (0.Q58 g) in MeOH (2 mL) was ammonium fimnate (0^16 g, 3.42 mmol), and 

IS tiie resulting mixture was stiiied at room temp, for 12 h, then was filtered througih a pad 
of Celite^ with the aid of EtOH. The filtrate was concentrated under reduced pressure 
and tibe residue was purified by column duomatogr^hy (2% MeOH/98% CH2CI2) tp 
give tiie desired product as a pale yellow oil (0.232 g, 87%): TLC (20% EtOAc/80% 
hexane) R^O.63; "H-NMR pMSO-d^ 8 1.17 (s, 9H). 1.39 (s, 9H), 4.03-4.06 (m, 2H), 

20 4.30-4.31 (m. 2H), 4.54 (br s, 2H), 6.47 (dd, J=aJl, 8.1 Hz, IH) 6.64-6.67 (m, 2H). 



All. General Method for Substitated Anfline Formation via Hydrogenation of a 
Nitroarene 
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H2N 




4-(4-Pyridinylniethyl)aiiiIme: To a solution of 4-<4-mtrobenzyl)pyridine (7.0 g, 32.68 
mmol) in EtOH (200 mL) was added 10% Pd/C (0.7 g) and the resulting slurry was 
sbaken under a Hj atmosphere (50 psi) using a Parr diaker. After 1 h, TLC and 'H-»MR 
S of an aliquot indicated complete reaction. The mixture was filtered through a short pad of 
Celite* The filtrate was concentrated in vacuo to afford a white solid (5.4 g, 90%): 'H- 
NMR (DMSO-d^ 5 3.74 (s, 2H), 4.91 (br s, 2H), 6.48 (d, >=8.46 Hz, 2H), 6.86 (d, >=8.09 
Hz, 2H), 7.16 (d, ^5.88 Hz, 2H), 8.40 (d, >^.88 Hz, 2H); O-MS m/z 184 (NT). This 
material was used in urea formation reactions without further purification. 

10 

A12. General Method for Substituted Aniline Formation via Dissolving Metal 
Reduction of a Nitroarene 



4<2-Pyridinylthio)aniline: To a solution of 4-(2-pyiidinyIthio>l-nitrobenzene (Menai 
15 ST 3355A; 0.220 g, 0.95 mmol) and H2O (0.5 mL) in AcOH ( 5 mL) was added iron 
powda* (0.317 g, 5.68 mmol) and the resulting slurry stirred for 16 h at room temp. The 
reaction mixture was diluted with EtOAc (75 mL) and H2O (50 mL), basified to pH 10 
by adding solid K2CO3 in portions {Caution: foaming). The organic layer was washed 
with a saturated NaCl solution, dried (MgS04), concentrated in vacuo. The residual solid 
20 was purified by MPLC (30% EtOAc/70% hexane) to give the desired product as a thick 
oil (0.135 & 70%): TLC (30% EtOAc/70% hexanes) R^O^O. 

A13a. General Meflliod for Substituted Aniline Formation via Nitroarene 




Formation Through Nudeophilic Aromatic Substitationy Followed by 



25 



Redaction 
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Step 1. l-Metlioxy-4-(4»Ditropheiioxy)beiizene: To a suspension of NaH (95%, 1.50 
g, 59 mmol) in DMF (100 mL) at room tmxp. was added drcqiwise a solution of 4- 
methoxyphenol (7.39 g, 59 mmol) in DMF (50 mL). The reaction was stirred 1 h, then a 
solution of l-fluoro-4-nitrobenz«e (7.0 g, 49 mmol) in DMF (50 mL) was added 
5 dropwise to form a dark green solutioiL The reaction was heated at 95 °C overnight, then 
cooled to room temp.y quenched with H2O, and concratrated in vacuo. The residue was 
partitioned between EtOAc (200 mL) and H3O (200 mL) . The organic layer was 
sequentially washed with I^O (2 x 200 mL), a sati^ated NaHCOa solution (200 mL), and 
a saturated NaCl solution (200 mL), dried (NajSOJ, and concentrated in vacuo. The 
10 residue was triturated (EtjO/hexane) to afford l-methoxy-4-(4-mtrophenoxy)benzene 
(12.2 g, 100%): 'H-NMR (CDCl,) 8 3.83 (s, 3H), 6.93-7.04 (m, 6H), 8.18 (d, J^.2 Hz, 
2H); m-MS m/z 245 (NT)- 




15 Step 2. 4-<4-Methoxyphenoxy)anfline: To a solution of l-methoxy-4-(4- 
nitn>phenoxy)benzme (12.0 g, 49 mmol) in EtOAc (250 mL) was added 5% Pt/C (1.5 g) 
and the resulting slurry was shaken under a atmosphere (50 psi) for 18 h. The reaction 
mixture was filtered tiux)ugh a pad of Celite* with the aid of EtOAc and concmtrated in 
vacuo to give an oil which slowly sofidified (10.6 g, 100%): >H-hMR (CDQa) 5 3.54 (br 

20 s, 2H), 3.78 (s, 3H), 6.65 (d, /=8.8 Hz, 2H), 6.79-6.92 (m, 6H); EI-MS m/fe 215 (M*)- 

A13b. General Method for Sobstituted Aniline Formation via NItroarene 
Formation Tiirongh Nudeophilic Aromatic Substitutioii, Followed by 
Reduction 



25 




Stepl. 3-(Triflnoromethyl)-4-(4-pyridinyltfaio)nitrobenzene: A solution of 4- 
mCTC^topyridine (2.8 g, 24 mmoles), 2-fluon)-5-mtrobenzotrifluoride (5 g, 23.5 
mmoles), and potassium carbonate (6.1 g, 44.3 mmoles) in anhydrous DMF (80 mL) was 
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stirred at room temperature and under argon overnight TLC showed complete reaction. 
The mixture was diluted with BtjO (100 mL) and water (100 mL) and the aqueous layer 
was back-extracted with E^O (2 x 100 mL). The oiganic layers were wa^ed with a 
saturated NaCl solution (100 mL), dried (MgSOJ, and concentrated under reduced 
5 pressure. The soUd residue was triturated witii EtjO to afford tiie desired product as a tan 
soKd (3.8 g, 54%): TLC (30% EtOAc/70% hexane) R^0.06; 'H-NMR (DMSOdJ 6 7.33 
(dd, J^12, 42 Hz. 2H), 7.78 (d. J5=8.7 Hz, IH), 8.46 (dd, J^.4, 8.7Hz, IH), 8.54-8.56 



10 Step 2. 3-(Triflaoromethyl)-4<4-pyridInyiaio)aiiiIine: Aslunyof 3-trifluorometfayl- 
4-(4-pyridinylth]o)nitrobenzene (3.8 g, 12.7 mmol), iron powder (4.0 g, 71.6 mmol), 
acetic add (100 mL), and water (1 mL) were stirred at room temp, for 4 h. The mixture 
was diluted with Btfi (100 mL) and water (100 mL). The aqueous phase was adjusted to 
pH 4 with a 4 N NaOH solution. The combined organic layers were washed with a 

15 saturated NaCl solution (100 mL), dried (MgSOJ, and concentrated under reduced 
pressure. The residue was filtered through a pad of silica (gradient firom 50% 
EtOAc/50% hexane to 60% EtOAc/40% hexane) to afford the desired product (3.3 g): 
TLC (50% EtOAc/50% hexane) S^O.IO; 'H-NMR (DMSO-d^ 5 6.21 (s, 2H), 6.84-6.87 
(m, 3H), 7.10 (d,^A Hz, IH), 7,39 (d. J^A Hz, IH), SJ29 (d, >6J Hz, 2H). 



A13c. General Method for Substitoted Aniline Formation via Nitroarene 
Formation Through Nucleophllic Aromatic Substitution, Followed by 
Reduction 



25 Step L 4-<2-(4-PhenyI)thiazolyl)thio-l-nitrobenzene: A solution of 2-merc^to*4- 
phenylthiazole (4.0 g, 20.7 mmoles) in DMF (40 mL) was treated witii l-fluorp-4- 



(m,3H). 




CF3 



20 
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nitrobenzene (2.3 niL» 21.7 mmoles) followed by K3CO3 (3.18 g, 23 mmol)» and the 
nuxture was heated at approximately 65 X overnight. The reaction mixture was then 
diluted with EtOAc (100 mL), sequentially washed with water (100 mL) and a saturated 
NaCI solution (100 mL), dried (MgSOJ and concentrated under reduced pressure. The 
5 solid residue was triturated wifli a EtjO/hexane solution to afiford the desired product (6. 1 
g): TLC (25% EtOAc^5% hexane) 1^0.49; "H-NMR (CDOj) S 7.35-7.47 (m, 3H), 7.58- 
7.63 (m, 3H), 7.90 (d, ^.9 Hz, 2H), 8.19 (d, ^.0 Hz, 2H). 



Step 2. 4-(2-(4-Phenyl)thiazolyl)tfaioaniUne: 4-(2-(4-Phenyl)tfaiazolyl)tfaio-l-nitro- 
10 benzene was reduced in a maimer analagous to that used in the preparation of 3- 
(trifluoiomethyl)-4-(4-pyridinylthio)anilme: TLC (25% EtOAc/75% hexane) R^O.18; 'H- 
NMR (CDOs) 5 3.89 (br s, 2H), 6.72-6.77 (m, 2H), 7.26-7.53 (m, 6H), 7.85-7.89 (m, 
2H). 

15 A13d. General Method for Snbstitnted Aniline Formation via Nitroarene 
Formation Through Nncleophilic Aromatic Snbstitation, FoUowed by 
Rednction 



Step 1. 4-(6-MetfayI-3-pyridinyloxy)-lHiitrobeiizene: to a solution of 5-hydro^-2- 
20 mediy^yiidine (5.0 g, 45.8 mmol) and l-fluon>-4^trobeazene (6.5 g, 45.8 mmol) in anh 
DMF (50 mL) was added KjCO, (13.0 g, 91.6 mmol) in one portion. The nuxture was 
heated at the reflux temp, with stirring for 18 h and then allowed to cool to room temp. 
The resulting mixture was poured into water (200 mL) and extracted with EtOAc (3 x 
150 mL). The combined organics were sequentially washed with wat^ (3 x 100 mL) and 
25 a saturated NaCl solution (2 x 100 mL), dried (iia^O^y and concentrated in vacuo to 
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afford the desired product (8.7 g, 83%). The this matmal was carried to the next stqp 
without further purificatiorL 




Step 2. 4-(6-MethyI-3-pyridiiiyloxy)aniline: A solution of 4-(6-methyl-3- 
pyriduiyloxy)-! -nitrobenzene (4.0 g, 17.3 mmol) in EtOAc (150 mL) was added to 10% 
Pd/C (O.SOO g, 0.47 nunol) and the resulting mixture was placed under a H, atmosphere 
(balloon) and was allowed to stir for 18 h at room temp. The mixture was then filtered 
through a pad of Celite® and concentrated in vacuo to a£fonl the desired prY>duct as a tan 
soUd (3.2 & 92%): EI-MS m/z 200 (NT). 

AlSe. General Method for Substituted Aniline Formation via Nitroarene 
Formation Through NudeopliiUc Aromatic Substitution, Followed by 
Reduction 




Step 1. 4-(3AI>iniethoxyphenoxy)-l-nitrobenzene: To a solution of 3,4- 
dimethoxyphenol (1,0 g, 6.4 mmol) and l-fluoro-4-nitrobenzene (700 jiL, 6.4 mmol) in 
anh DMF (20 mL) was added KjCOj (1.8 g, 12.9 mmol) in one portion. The mixture was 
heated at the refhix tonp with s6rring for 18 h and tiben allowed to cool to room temp. 
The mixture was dien poured into water (100 mL) and extracted with EtOAc (3 x 100 
mL). The combined organics were sequentially washed with water (3 x 50 mL) and a 
saturated NaCl solution (2 x 50 mL), dried (Na3S04), and concentrated in vacuo to afford 
the deshed product (0.8 g, 54%). The crude product was carried to the next step without 
furdier purification. 




Step 2. 4-(3«4-Dimethoxyphenozy)aniline: A solution of 4-(3,4-dmiedioxy-phraoxy)- 
1-nitrobenzene (0.8 g, 3.2 mmol) in EtOAc (SO mL) was added to 10% Pd/C (0.100 g) 
and the resulting mixture was placed under a atmosphere (balloon) and was allowed to 
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Stir for 18 h at room temp. The mixture was then filtered through a pad of Celite and 
concentrated in vacuo to afford the desired product as a white solid (0.6 g» 7S%): EX-MS 
jiiA 245^0- 

S A13t Gen»^ Method for Substituted Aniline Formation via Nitroarene 
Formation Through Nndeopliilic Aromatic Substitution, Followed by 
Reduction 



Stepl. 3-(3-Pyridinyloi7H->>itrobenzene: To a solution of 3-hydroxypyridine (2.8 g, 
10 29.0 mmol), l-bromo*3-nitrobenzeQe (5.9 g, 29.0 mmol) and copper(I) bromide (5.0 g» 
34.8 mmol) in anh DMF (50 mL) was added KjCOy (8.0 g, 58.1 mmol) in one portion. 
The resulting mixture was heated at the reflux temp, with stining for 18 h and then 
allowed to cool to room temp. The mixtuie was then poured into water (200 mL) and 
extracted witti EtOAc (3 x 150 mL). The combined oiganics were sequentially wa^ed 
15 with water (3 x 100 mL) and a saturated NaCI solution (2 x 1 00 mL), dried (NajSOJ, and 
concentrated in vacuo. The resulting oil was purified by flash chromatography (30% 
EtOAc/70% hexane) to afford the desired product (2.0 g, 32 %). This material was used 
in the next step without fiuther purificatiosu 



20 Step 2. 3-(3-Pyridinyloxy)aniline: A solution of 3-(3-pyridinyloxy)-l -nitrobenzene 
(2.0 g, 9.2 mmol) in EtOAc (100 mL) was added to 10% Pd/C (0,200 g) and the resulting 
mixture was placed under a atmosphere (balloon) and was allowed to stir for 18 h at 
room temp. The mixture was then filtered through a pad of Celite^ and concentrated in 
vacuo to afford the desired product as a red oil (1.6 g, 94%): EX-MS m/z 186 



A13g. General Method for Substituted Aniline Formation via Nitroarene 
Formation Through Nudeophilic Aromatic Substitution, Followed by 
Reduction 





25 
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Step 1. 3-(5-Methyl-3-pyridiiiyloxy)-l-iutrobenzene: To a solution of 3-hydroxy-5- 
methylpyridine (5.0 g, 45.8 mmol), l-bromo-3-nitrobenzene (12.0 g, 59.6 mmol) and 
copper(I) iodide (10.0 g, 73.3 mmol) in anh DMF (50 mL) was added K2CO3 (13.0 g, 
5 91 .6 mmol) in one portion. The mixture was heated at the reflux temp, with stirring for 18 
h and then allowed to cool to room temp. The mixture was then poured into water (200 
mL) and extracted with EtOAc (3 x 150 mL). The combined organics were sequentially 
washed with water (3 x 100 mL) and a saturated NaCl solution (2 x 100 mL), dried 
(Naj^O^)^ and concentrated in vacuo . The resulting oil was purified by flash 
10 diromatography (30% EtOAc/70% hexane) to afford the desired product (1.2 g, 13%). 



Step 2. 3-(5-Methyl-3-pyridinylo^)-l-nitrobe]izrae: A sohition of 3-(5-mefhyl-3- 
pyridmyloxy>l-mtrobeDzene (1.2 g» 5.2 mmol) in EtOAc (50 mL) was added to 10% 
Pd/C (0.100 g) and the resulting mixture was placed under a atmosphere (balloon) and 
15 was allowed to stir for 18 hat room tenq). The mixture was then filtered through a pad of 
Celite^ and concentrated in vacuo to afford the desired product as a red oil (0.9 g, 86%): 
a-MSmA201((M+H)0- 

A13h* General Method for Substituted Aniline Formation via Nitroarene 
20 Formation Through Nucleophilic Aromatic Substitution, Followed by 



Step 1. 5-Nitro-2-(4-meth^phenoxy)pyridine: To a solution of 2-chloro-5- 
nitropyridine (6.34 g, 40 mmol) in DMF (200 mL) were added of 4-metiiylphenoI (5.4 & 
25 50mmol, 1.25 equiv)andK2C03 (8.28 g, 60 mmol, 1.5 equiv). The mixture was stirred 
overnight at room temp. The resulting mbcture was treated with water (600 mL) to 
generate a precq)itate. This nuxture was stirred for 1 h, and the solids were sq)arated and 




Reduction 
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sequentially washed with a 1 N NaOH solution (25 wL), water (25 mL) and pet ether (25 
mL) to give the desired product (7.05 g, 76%): mp 80-82 ^; TLC (30% EtOAc/70% pet 
ether) 1^0.79; *H-NMR (DMSO-d^ 5 2.31 (s, 3H), 7.08 (d, J=BM Hz, 2H), 7.19 (d, 
^.20 Hz, IH). 7.24 (d, >8.09 Hz, 2H), 8.58 (dd, >=2.94, 8.82 Hz, IH), 8,99 (d, J^2.95 
Hz. IH); FAB-MS m/z (rel abundance) 231 ((M+H)0, 100%). 



Step 2. 5*Amuio-2-(4-methylphenoxy)pyridme Dihydrochloride: A solution 5-mtro- 
2-(4-methylphenoxy)pyiidine (6.94 g, 30 nunol, 1 eq) and EtOH (10 mL) in EtOAc (190 
mL) was purged with argon then treated with 10% Pd/C (0.60 g). The reaction mixture 
was then placed under a H^ atmosphere and was vigorously stirred for 2.5 h. The reaction 
mixture was filtered througji a pad of Celite* A solution of HCl in EtjO was added to the 
filtrate was added dropwise. The resulting precipitate was sq)arated and washed with 
EtOAc to give the desired product (7.56 g, 92%): mp 208-210 (dec); TLC (50% 
EtOAc/50% pet ether) R^O.42; 'H-NMR (DMSOd^) 8 2.25 (s, 3H), 6.98 (d, J^.45 Hz, 
2H), 7.04 (4 >8.82 Hz, IH), 7.19 (d, >8.09 Hz, 2H), 8.46 (dd, JN2.57, 8.46 Hz, IH), 
8.63 (d,.^^7 Hz, IH); EI-MS m/z (rel abundance) (M", 100%). 

A13L General Method for Substttated Aniline Formation via Nitroarene 
Formation Tliroagli Nucleophilic Aromatic Snbstithtion, Followed by 



Step !• 4-(3-ThienyIthio)-l*nitrobenzene: To a sohition of 4-nitrothiophenol 
(80%pure; 1.2 g, 6.1 mmol), 3-bn>mothiophene (1.0 g, 6.1 mmol) and copper(II) oxide 
(0.5 g, 3.7 mmol) in anhydrous DMF (20 mL) was added KOH (0.3 g, 6.1 mmol), and the 
resulting mixture was heated at 130 with stirring for 42 h and then allowed to cool to 
room teinp. The reaction mixture was then pouied into a nuxtuie of ice and a 6N HQ 




Reduction 
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solution (200 mL) and the resulting aqueous mixture was extracted with EtOAc (3 x 100 
mL). The combined organic layers were sequentially washed with a IM NaOH solution 
(2 X 100 mL) and a saturated NaCl solution (2 x 100 mL), dried (MgSO^, and 
concentrated in vacuo . The residual oil was purified by MPLC (silica gel; gradient fiom 
5 10% EtOAc/90% hexane to 5% EtOAc/95% hexane) to afford of the desired product (0.5 
34%). GC-MS m/z 237 (KT). 



Step 2. 4-(3*Thienylthio)aniline: 4-(3-Thiraylthio)-l-mtrobenzene was reduced to the 
aniline in a manner analogous to Oat described in Method Bl. 

10 

A13J. General Method for Substituted Aniline Formation via Nitroarene 
Formation Through Nucleophilic Aromatic Substitution, Followed by 
Reduction 



4-(5-Pyriinininylosy)aniline: 4-Aininophenol (LO g, 9.2 mmol) was dissolved in DMF 
(20 mL) then 5-bromopyrimidine (1.46 g, 92 mmol) and K2CO3 (1.9 g, 13.7 mmol) 
woe added. The mixture was heated to 100 X for 18 h and at 130 for 48 h at which 
GC-MS analysis indicated some remaining starting material. The reaction mixture was 
20 cooled to room tenq). and diluted widi water (SO mL). The resulting solution was 
extracted with EtOAc (100 mL). The organic layer was washed with a saturated NaCl 
solution (2 X 50 mL), dried (MgSOJ, and concentrated in vacuo. The residular solids 
were purified by MPLC (50% EtOAc/50% hexanes) to give the desired amine (0.650 g, 
38%). 



A13k. General Method for Substituted Aniline Formation via Nitroarene 
Formation Through Nudeophilic Aronmtic Substitution, Followed by 




15 




25 



Reduction 
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Stepl. 5-Broino-2-methoxypyridiiie: A mixture of 2,S-dibiomopyridme (5.5 g, 23.2 
mmol) and NaOMe (3.76g, 69.6 mmol) in MeOH (60 mL) was heated at 70 in a 
sealed reaction vessel for 42 h, then allowed to cool to room t^p. The reaction mixture 
5 was treated with water (50 mL) and extracted with EtOAc (2 x 100 mL). The combined 
organic layers were dried (Na^O^ and concentrated under reduced pressure to give a 
pale yellow, volatile oil (4.1g, 95% yield): TLC (10% EtOAc / 90% hexane) R^O.57. 



Step 2. 5-Hydroxy-2*methoxypyridine: To a stirred solution of 5-biomo-2- 
10 methoxypyridine (8.9 g, 47.9 mmol) in THF (175 mL) at -78 X was added an n- 
butyllithium solution (2.5 M in hexane; 28.7 mL, 71.8 mmol) dropwise and the resulting 
mixture was allowed to stir at -78 ""C for 45 min. Trimethyl borate (7.06 mL, 62.2 mmol) 
was added via syringe and the resulting mixture was stirred for an additional 2 h. The 
bright orange reaction mixture was wamied to 0 ®C and was treated with a mixture of a 3 
15 N NaOH solution (25 mL, 71.77 mmol) and a hydrogen peroxide solution (30%; approx. 
50 mL). The resulting yellow and slightly turbid reaction mixture was warmed to room 
temp, for 30 mm and then heated to the reflux temp, for 1 h. The reaction mixture was 
then allowed to cool to room tenq). The aqueous layer was neutralized with a IN HCl 
solution ihm extracted with EtjO (2 x 100 mL). The combined organic layers were dried 



20 (NajSOJ and concentrated under reduced pressure to give a viscous yellow oil (3.5g» 
60%). 



Step 3. 4-(5-^Methoxy)pyri(tyI)oxy-l-nitrobttiz»e: To a stirred slurry of NaH 
(97%, LO g, 42 mmol) in anh DMF (100 mL) was added a solution of 5-hydroxy-2- 
25 methoxypyridine (3.5g, 28 mmol) in DMF (100 mL). The resulting mixture was allowed 
to stir at room temp, for 1 h, 4-fluoronitrobenzme (3 mL, 28 mmol) was added via 
syringe. The reaction mnixture was heated to 95 "^C overnight, then treated with water 
(25 mL) and extracted with EtOAc (2 x 75 mL). The organic layer was dried (MgSOJ 
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and concentrated under reduced pressure. The residual brown oil was ciystalized 
EtOAc/hexane) to afford yeUow crystals (5.23 g, 75%). 



Step 4. 4-(5-(2-Methoxy)pyridyI)oxyaniIine: 4-(5-(2-Methoxy)pyridyl)oxy-l- 
nitrobenzene was reduced to the aniline in a manner analogous to that described in 
Method B3d,Step2. 

A14a* General Method for Substituted Aniline Synthesis via Nncieophilic Aromatic 
Substitution using a Halopyridine 



3-(4-Pyridinylthio)aniIine: To a solution of 3-aminottiiophenol (3.8 mL, 34 mmoles) in 
anh DMF (POmL) was added 4-chloropyridine hydrochloride (5.4 g, 35.6 mmoles) 
followed by K2CO3 (16.7 g, 121 mmoles). The reaction mixture was stirred at room 
tsmp. for 1.5 h, then diluted with EtOAc (100 mL) and water (lOOmL). The aqueous 



washed with a saturated NaCl solution (100 mL), dried (MgS04), concentrated under 
reduced pressure. The residue was filtered through a pad of silica (gradient fiom 50% 
EtOAc/50% hexane to 70% EtOAc/30% hexane) and flie resulting material was triturated 
with a E^O/hexane solution to afford the desired product (4.6 g, 66%): TLC (100 % ediyl 
acetate) R^O.29; ^H-NMR (DMSOdJ 5 5.41 (s, 2H), 6.64^.74 (m, 3H), 7.01 (d, J=^.8, 
2H), 7.14 (t, J=7.8 Hz, IH), 8.32 (d, J=4.8, 2H). 

A14b. General Method for Substituted Aniline Synthesis via Nudeophilic Aromatic 
Substitution using a Halopyridine 



4-^Metfayl-4-pyridinyloxy)anilhie: To a solution of 4-aminophenol (3.6 g, 32.8 
mmol) and 4-cfaloropicoline (5.0 g, 39.3 mmol) in anh DMPU (50 mL) was added 





layer was back-extracted with EtOAc (2 x 100 mL). The combined organic layers were 
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potassium rer/-bmoxidc (7.4 g, 65.6 mmol) in one portion. The reaction mixture was 
heated at 100 with stirring for 18 h, then was allowed to cool to room temp. The 
resultmg mixture was poured into water (200 mL) and extracted with EtOAc (3 x ISO 
mL). The combined extracts were sequentially washed with water (3 x 100 mL) and a 
5 saturated NaQ solution (2 x 100 mL), dried QiaJSO^y and concentrated in vacuo. The 
resulting oil was purified by flash chromatogn^hy (SO % EtOAc/S0% hraane) to afford 
the desired product as a yellow oil (0.7 g, 9%): CI-MS nt/z 201 ((M+H)0- 

A14c. General Metfiod for Substituted Aniline Synthesis via Nudeophilic Aromatic 
10 Substitution using a Halopyridine 

/=\ Me 



Step 1. Methyl(4-nttrophenyI)-4-pyridyIamine: To a suspoision of Mmethyl-4- 
nitroaniline (2.0 g, 132 mmol) and KaCO, (7.2 g, S2.2 mmol) in DMPU (30mL) was 

IS added 4-chloropyridine hydrochloride (2.36 g, 1S.77 mmol). The reaction mixture was 
heated at 90 for 20 h, tiien cooled to room tenq>arature. The resulting mixture was 
diluted with water (100 mL) and extracted with EtOAc (100 mL). The oiganic layer was 
washed with water (100 mL)» dried (19^2^0^ and concentrated under reduced pressure. 
The residue was purified by column diromatogrq;)hy {silica gel, gradint jBrom 80% 

20 EtOAc /20% hexanes to 100% EtOAc) to afford metfayl(4-nitrophenyI)-4-pyridylamine 



A15. General Method of Substitated Aniline Synthesis via Phenol Alhylation 
FoUqwed by Reduction of a Nitroarene t 




(0.42 g) 




Step 2. Methyl(4-aminophenyI)-4-pyridyIamine: Mediyl(4-nitiophenyl)-4- 
pyridylamine was reduced in a manner analogous to tiiat described in Method Bl. 



25 
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Step 1. 4-(4-Batoxypheiiy0thio-l-iiitrobeiizene: To a solution of 4-(4-mtrophenyl- 
thio)phenol (1.50 g, 6.07 mmol) in anh DMF (75 ml) at 0 **C was added NaH (60% in 
mineral oil, 0*267 g, 6.67 mmol). The brown suspension was stined at 0 **C until gas 
evolution stopped (15 min), then a solution of iodobutane (1.12 g, .690 ml, 6.07 mmol) in 
anh DMF (20 mL) was added diopwise over 15 min at 0 **C. The reaction was stirred at 
room temp, for 18 h at which time TLC indicated the presence of unreacted phenol, and 
additional iodobutane (56 mg, 0.035 mL, 0.303 mmol, 0.05 equiv) and NaH (13 mg, 
0.334 mmol) were added. The reaction was stirred an additional 6 h room temp., flien 
was quenched by the addition of water (400 mL). The resultmg mixture was extracted 
with EtjO (2 X 500 mL). The combibed organics were washed with water (2 x 400 mL), 
dried (MgS04), and concentrated under reduced pressure to give a clear yellow oil, which 
was purified by silica gel chromatography (gradiait from 20% EtOAc/80% hexane to 
50% EtOAc/50% hexane) to give the product as a yellow sohd (1.24 g, 67%): TLC (20% 
EtOAc/80% hexane) 1^0.75; 'H-NMR (DMSO-d^ 8 0.92 (t, 7.5 Hz, 3H), 1.42 (jqjp 
hex, ^7.5 Hz, 2H), 1.70 (m,2H), 4.01 (t, ^ 6.6 Hz, 2H), 7.08 (d.>8.7Hz,2H), 7.17 
(d..^Hz,2H), 7.51 (d,^ 8.7 Hz, 2H), 8.09 (d, 9 Hz, 2H). 




Stq>2. 4-(4-BiitoxyphenyI)tluoanilme: 4-(4-Butoxyphenyl)thio-l-mtrobmzene was 
leduced to the aniline in a manner analagous to that used in the preparation of 3- 
(trifluoromethyl)-4H[4-pyridinylthio)auiline (Method B3b, Step 2): TLC (33% 
EtOAc/77% hexane) R^O.38. 

4 

A16» General Method for Synthesis of Sabstitnted Anilines by the Acylation of 
Diaminoarenes 
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4-(4-lerr-Batoxycarbanioylbe]izyI)an0uie: To a solution of 4»4*-inefhylenediamline 
(3,00 g, 15.1 mmol) in anh THF (50 mL) at room temp was added a solution of di-/e?t- 
butyl dicarbonate (330 g, 15.1 mmol) in anh THF (10 mL). The reaction mixture was 
heated at the reflux tenq>. for 3 h, at which time TLC indicated the presence of unreacted 

5 methylenedianiline. Additional A-iertAmtyl dicaibonate (0.664 g, 3.03 mmol, 0.02 
equiv) was added and the reaction stirred at the reflux temp, for 16 b. The resulting 
mixture was diluted with E^O (200 mL), sequentially washed witfi a saturated NaHCO) 
solution (100 ml), water (100 mL) and a saturated NaCl solution (50 mL), dried 
(M[gS04), and concentrated under reduced pressure. The resulting white solid was 

10 purified by silica gel chromatography (gradient fiom 33% EtOAc/67% hexane to 50% 
EtOAc/50% hexane) to afford tfie desired product as a white solid ( 2.09 g, 46%): TLC 
(50% EtOAc/50% hexane) R^O.45; 'H-NMR (DMSO-d^) 5 1.43 (s, 9H), 3.63 (s, 2H), 
4.85 (br s, 2H), 6.44 (d, ^8.4 Hz, 2H), 6.80 (d, ^8.1 Hz, 2H), 7.00 (d, J^8.4 Hz. 2H), 
7.28 (d,^8.1 Hz, 2H), 9.18 (br s, IH); FAB-MS mAs 298 (NT)- 

15 

A17. General Method for the Synthesis of Aryl Amines via Electrophilic Nitration 
Followed by Reduction 




Step 1. 3-(4-Nitrobenzyl)pyridine: A solution of 3-baizylpyridine (4.0 g, 23.6 
20 mmol) and 70% nitric add (30 mL) was heated overnight at 50 ®C. The resulting mixture 
was allowed to cool to room temp, then poured into ice water (350 mL). The aqueous 
mixture then made basic with a IN NaOH solution, then extracted with EtjO (4 x 100 
mL). The combined extracts were sequentially washed with water (3 x 100 mL) and a 
saturated NaCl solution (2 x 100 mL), dried (lia^O^, and concratrated in vacuo. The 
25 residual oil was purified by MPLC (silica gel; 50 % EtOAc/50% hexane) then 
recrystallization (EtOAc/hexane) to afford the desired product (1.0 g, 22%): GC-MS m/z 
214 (MO. 
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Step 2. 3-(4-Pyridmy0inetfayIaiiiline: 3-(4-NitTobenzyI)pyridine was reduced to the 
aniline in a manner analogous to diat described in M eOiod Bl . 



A18. Genera] Method for Synthesis of Aryl Amines via Substitution with 
S Nitrobenzyl Halides Followed by Reduction 




Step 1. 4-(l-ImidazolyimethyI>-l-nitrobenzene: To a solution of imidazole (0.5 g, 7.3 
mmol) and 4-mtrobKi2yl bromide (1.6 g, 7.3 mmol) in anh acetonitrile (30 mL) was 
added K2CO3 (1 .0 g, 7.3 mmol). The resulting mixture was stirred at rooom temp, for 18 
10 h and then poured into water (200 mL) and the resulting aqueous solution wasextracted 
with EtOAc (3 x 50 mL). The combined organic layers were sequentially washed with 
water (3 x 50 mL) and a saturated NaCl solution (2 x 50 mL). dried (MgS04), and 
concentrated in vacuo. The residual oil was purified by MPLC (silica gel; 25% 
EtOAc/75% hexanc) to afford the desired product (1.0 g, 91%): EI-MS nt/z 203 (NT)- 



15 




Step 2. 4-(l*Tmida74)lylmethyOanIline: 4-(l-Imidazolyhnetfayl)-l-mtn>benzene was 
reduced to flie aniline in a manner analogous to that described in Mediod B2. 

A19. Formation of Snbstitnted Hydroxymethylanilines by Oxidation of 
20 Nitrobenzyl Componnds Followed by Reduction 

OH 




Stepl. 4-(l-Hydroxy-H4*-pyridyI)methyI-l-nitrobenzene: Toastiiredsolutionof3- 
(4-nitn)benzyI)pyridine (6.0 g, 28 mmol) in CH^Cl^ (90 mL) was added m-CPBA (5.80 g, 
33.6 mmol) at 10 and the mixture was stirred at room temp, overnight The reaction 
25 mixture was successively washed with a 10% NaHSOj solution (50 mL), a saturated 
K2CO3 solution (50 mL) and a saturated NaCl solution (50 mL)» dried (MgSOJ and 
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ooncCTtrated under reduced pressure. The resulting yellow solid (2.68 g) was dissolved 
in anh acetic anhydride (30 mL) and heated at the reflux temperature overnight. The 
mixture was concentrated under reduced pressure. The residue was dissolved in MeOH 
(25 mL) and treated with a 20% aqueous NH3 solution (30 mL). The mixture was stirred 

S at room temp, for 1 h, then was concentrated under reduced pressure. The residue was 
poured into a mixture of water (50 mL) and CH2CI2 (50 mL). The organic layer was dried 
(MgS04X concentrated under reduced pressure, and purified by colunm chromatography 
(80% EtOAc/ 20% hexane) to afford the desired product as a white solid. (0.53 g, 8%): 
mp 110-118 '^C; TLC (80% EtOAc/20% hexane) R^0.12; FAB-MS m/z 367 ((M+H)*, 

10 100%). 



Step 2. 4-(l-Hydroxy-l-(4-pyridyl)methylaniIine: 4-(l-.Hydroxy-H4-pyridyl>.methyl- 
l-nitrobenzene was reduced to the aniline in a manner analogous to that described in 
15 Method B3d,Step2. 

A20. Formation of 2-(A/^metfaylcarbamoyl)pyriduies via the Menisci reaction 



Step 1. 2-(iV-methylcarbamoyl>4-chIoropyridine. (Caution: this is a highly 
20 hazardous, potaitially explosive reaction.) To a solution of 4-chloropyridine (10.0 g) in 
A^methylfonnamide (250 mL) under argon at ambient temp was added cone. H2SO4 (3.55 
mL) (exoAenn). To this was added ILfi^ (17 mL, 30% wt in H20) followed by 
FeSO/TICO (0.55 g) to produce an exotherm. The reaction was stirred in the dark at 
ambient temp for Ih then was heated slowly over 4 h at 45 *^C. When bubbling 
25 subsided,the reaction was heated at 60 X for 16 h. The opaque brown solution was 
diluted with H20 (700 mL) followed by a 10% NaOH solution (250 mL). The aqueous 
mixture was extracted with EtOAc (3 x 500 mL) and the organic layers were washed 
separately with a saturated NaCl solution (3 x 150 mlL. The combined organics were 
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dried (MgS04) and filtered through a pad of silica gel eluting with EtOAc. The solvent 
was removed in vacuo and the brown residue was purified by silica gel chromatography 
(gradient from 50% EtOAc / 50% hexane to 80% ElOAc / 20% hexane). The resulting 
yellow oil crystaUized at 0 over 72 h to give 2-(A^methylcarbamoyl)-4^hloropyridine 
5 m yield (0.61 g, 5.3%): TLC (50% EtOAc/50% hexane) 0.50; MS; *H NMR (GDCl^): 
d 8.44 (d, 1 H, J = 5.1 Hz, CHN). 8.21 (s, IH, CHCTO), 7.96 (b s, IH, NH), 7.43 (dd. 
IH. J = 2.4, 5.4 Hz, CICHCN), 3.04 (d, 3H, J = 5.1 Hz, methyl); Q-MS m/z 171 
((M+H>f). 

10 A21. Generalmethod for the Synthesis of co-Sulfonylpbenyl Anilines 



Step 1. 4-(4-MethylsnlfonyIphenoxy)-l-nitrobenzene: To a solution of 4-(4- 
meaiyiaiiophenoxy)-l.ntirobenzene (2 g, 7.66 mmol) in CHja^ (75 mL) at 0 X was 
slowly added wCPBA (57-86%, 4 g), and flie reaction mixture was stirred at room 
15 temperature for 5 h. The reaction mixture was treated with a 1 N NaOH solution (25 
mL). The organic layer was sequratially washed with a IN NaOH solution (25 mL), 
water (25 mL) and a saturated NaCl solution (25 mL), dried (MgSOJ, and concentrated 
under reduced pressure to give 4-(4-methylsulfonylphenoxy)-l-nitrobenzeiie as a solid 



Step 2. 4-(4-Methylsulfonylphenoxy)-l-aniline: 4-(4-Methylsulfonylphenoxy)-l. 
nitrobenzene was reduced to the aniline in a manner anaologous to that described in 
Method B3d, step 2. 

25 A22. General Method for Synthesis of Oi>-Alkoxy-KD-carboxyphenyl Anilines 




(2.1 g). 
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Step 1. 4-(3-M eth xycarbonyM-niethoxyphenoxy)-l-nitr benzene: To a solution of 
-(3-caxboxy-4-hydioxyphenoxy)*l -nitrobenzene (prepsred in a manner analogous to fliat 
described in Method B3a, step 1, 12 nunol) in acetone (50 mL) was added K2CO3 (5 g) 
and dimethyl sulfate (3.5 mL). The resulting mixture was heated aaaaaat the reflux 
tempoerature overnight, ttien cooled to room tempa:ature and filtered through a pad of 
Celite^. The resulting solution was concoitnated under reduced pressure, absorbed onto 
silica gel, and purified by column d]romatogrq>hy (50% EtOAc / 50% hexane) to give 4- 
(3-methoxycarbonyl-4-methoxyphenoxy>l-nitroben2ene as a yellow powder (3 g): mp 
115 118 X. 



Step 2. 4-(3-Carboxy-4-methoxyphenoxy)-l-nitrobenzene: A mixture of 4-(3- 
methoxycaibonyl-4-methoxyphenoxy>l-mtrobenzene {12 g), KOH (0.33 g),and watCT (5 
mL) in MeOH (45 mL) was stirred at room temperature overnight and then heated at the 
reflux temperature for 4 h. The resulting mixture was cooled to room temperature and 
concentrated under reduced pressure. The residue was dissolved in water (50 mL), and 
the aqueous mixture was made acidic with a IN HCl solution. The resulting mixture was 
extracted witii EtOAc (50 mL). The organic layer was dried QAg^O^ and concentrated 
under reduced pressure to give 4-(3*«aibo^-4-methoxypheno}^)-l-nitrobeDzene (1.04 



B. General Methods of Urea Formation 

Bla* General Method for the Reaction of an Aryl Andne with an Aryi Iso^anate 



O 
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iV-(5-/er<-Btttyl-2r^tetrahydr furanyIoxy)phenyl)-iV'-<4-methylphenyI)iirea: To a 
solution of 5-/ert-butyl-2-(3-tetrahydrofuranyloxy)amlme (0.078 g, 033 mmol) in toluene 
(2.0 mL) was added />-tolyl isocyanate (0.048 g, 0.36 mmol) and the resulting mixture 
was allowed to stir at room temp, for 8 h to produce a precipitate. The reaction mixture 
was filtered and fbs residue was sequentially washed with toluene and hexanes to give the 
desired urea as a white solid (0.091 g, 75%): mp 229-231 "C; 'H-NMR (DMSO-d«) 5 
1.3Q (8, 9H), 1.99-2.03 (m. IH), 2.19-2.23 (m, 4H), 3.69-3.76 (m. IH), 3.86-3.93 (m, 3H), 
4.98-5.01 (m, IH), 6.81-6.90 (m. 2H), 7.06 (d, J5=8.09 Hz, 2H, 7.32 (d. ^8.09 Hz, 2H), 
7.84 (s, IH), 8.22 (d. J^.21 Hz, IH), 9.26 (s, IH). 

Bib. General Method for flie Reaction of an Aryl Amine with an Aiyl Isocyanate 



JV-(2-Metfaoxy-5-(trmuoromethanesulfony0phenyI)-7V'(4-metbyIphenyI)area: p- 
Tolyl isocyanate (0.19 mL, 1.55 mmol) was added to a solution of 2-methoxy-5- 
(trifluoromethanesulfOnyl)aniline (0.330 g, 1.29 mmol) in EtOAc (5 mL), and tfie 
reaction mixture was stirred at room temp, for 18 h. The resulting precipitate was 
collected by ffltration and washed wifli Etfl to give a w*ite solid (0.28 g). This material 
was then purified by HPLC (C-18 column, 50% CHjCN/50% HjO) and tiie resulting 
solids woe triturated with EtjO to provide the title compound (0.198 g): 'H-NMR 
(CDCy 8 7.08 (d, >8.5 Hz, 2H), 733 (d, >^.5 Hz, 2H), 7.40 (d. >«.8 Hz, IH), 7.71 
(dd. >2.6, 8.8 Hz, IH). 8.66 (s, IH), 8.90 (d, >2.6 Hz, IH), 936 (s, IH); FAB-MS m/i 
389 ((M+1)^ 




Blc. General Mediod for the Reaction of an Aiyl Amine with an Aryl Isoc^ate 
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CHF2 



o=s=o 



MeO 




.CH3 



7V<<2-Methoxy-5-(difluoromethanesulfonyl)phenyl>7V^^ p. 
Tolyl isocyanate (0.058 mL, 0.46 mmol) was added to a solution of 2-methoxy.5- 
(difluoromethanesulfonyl)aniline (0.100 g, 0.42 mmol) in EtOAc (0.5 mL) and Ae 
resulting mixture was stirred at room temp, for 3 d. The resulting precipitate was filtered 
and washed with Et20 to provide the title compound as a white solid (0.092 g): *H-NMR 
(CDCI^) 8 2.22 (s, 3H) 4.01 (s, 3H), 7.02-7.36 (m, 6H), 7.54 (dd, J^2.4, 8,6 Hz, IH), 8.57 
(s, IH), 8.79 (d, J^2.6 Hz, IH), 9.33 (s, IH); EI-MS mk 370 (NT). 

Bid. General Method for the Reaction of an Aryl Amine with an Aryl Isocyanate 



AK2,4-Dimetiioxy-5-(trifluoromethyl)phenyI)-Ar^4-methyIphenyl)area: p-ToIyl 
isocyanate (0.16 mL, 1.24 mmol) was added to a solution of 2,4-dimethoxy-5- 
(trifluoromethyl)aniline (0.25 g, 1.13 mmol) in EtOAc (3 mL) and the resulting mixture 



ttie title conqwund as a white soUd (0.36 g): "H-NMR (CDCI3) 5 2.21 (s, 3H), 3.97 (s, 
3H), 3.86 (s, 3H), 6.88 (s, IH), 7.05 (d, ^8.5 Hz, 2H), 7.29 (d, ^8.5 Hz, 2H), 8.13 (s, 
IH), 8.33 (s, IH), 9.09 (s, IH); FAB-MS mh 355 ((M+1)*)- 

Ble. Goieral Method for the Reaction of an Aryl Amine with an Aryl Isocyanate 




was stirred at room tenq). for 18 h. A resulting precipitate was washed with EtjO to give 
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AK3-Metfaoxy-2-Daphtfayl)-Ar'-(l.naphthyI)urea: To a solution of 2-ammo-3- 
methoxyn^hthalene (0.253 g, 1.50 mmol) in CHiClj (3 mL) at room temp, was added a 
solution of 1-naphthyl isocyanate (0247 g, 1.50 mmol) in CI^Qa (2 mL) and the 
resulting mixture was allowed to stir overnight The resulting precipitate was sqiarated 
5 and washed with CH,Clj to give the desired uiea as a white powder (0.450 g, 90%): mp 
235-236 °C; 'H-NMR (DMSCK) S 4.04 (s, 3H), 7.28-7.32 (m. 2H), 7.38 (s, IH), 7.44- 
7.72 (m. 6H), 7.90-7.93 (m. IH). 8.05-8.08 (m, IH), 8.21-8.24 (m, IH), 8.64 (s, IH), 9.03 
(s, IH), 9.44 (s. IH); FAB-MS m/z 343 ((M+H)^. 



10 



Bin General Method for die Reaction of an Aryl Amine with an Aryl Isocyanate 



' H H 



i\r-(5-rerr-Bntyl-2-(2-terr-butoxycarbonyIoxy)ethoxy)phenyI)-7V'-(4- 
methyiphenyl)urea: A mixture of 5-*ert-butyl-2-(2-/ert- 

butoxycaibonyloxy)ethoxy)aniline Method AlO, 0.232 g, 0.75 mmol) and ;7-tolyl 

15 isocyanate (0.099 mL, 0.79 mmol) in EtOAc (1 mL) was stirred at room temp, for 3 d to 
produce a solid, which was sepm^ted. The filtrate was purified by column 
cfaromatogr^hy (100% CHjCy and tiie residue was triturated (E^O/hexane) to give the 
desired product (0.262 g, 79%): mp 155-156 «C; TLC (20% EtOAc/80% hexane) R^0,49; 
'H-NMR (DMSO-d^ 5 1.22 (s, 9H), 1.37 (s, 9H), 2.21 (s, 3H), 4.22-4.23 (m, 2H), 4.33- 

20 4.35 (m, 2H), 6.89-7.00 (m, AH), 7.06 (d, ^.5 Hz, 2H), 7.32 (d, J^.l Hz, 2H), 7.96 (s, 
IH); 822 (d, M1.5 Hz, IH), 922 (s, IH); FAB-MS (rel abundance) 443 ((M+H)*, 
6%). 



25 B2a. General Method for Reaction of an Aiyl Amine with Phosgene Followed by 
AdditiDn of a Second Aryl Amine 
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AK2-Methoxy-5Ktrifluoromethyl)phenyI)-iVM3-(^^ To a 

solution of pyridine (0.61 mL, 7,5 mmol, 3.0 equiv) and phosgene (20% in toluene; 2.65 
mL, 5.0 mmol, 2.0 equiv) in CHjCl, (20 mL) was added 2-methoxy-5- 
(trifluorometiiyl)aniline (0.48 g, 2.5 nunol) at 0 **C. The resulting mixture was allowed 
warm to room temp, stirred for 3 h, then treated with anh. toluene (100 mL) and 
concentrated under reduced pressure. The residue was suspended in a mixture of CHjClj 
(10 mL) and anh. pyridine (10 mL) and treated with 3-(4-pyridinylthio)amline (0.61 g, 
2.5 mmol, 1.0 equiv). The mixture was stirred overnight at room temp., then poured into 
water (50 mL) and extracted with CHjClj (3 x 25 mL). The combined organic layers were 
dried (MgS04) and concentrated under reduced pressure. The residue was dissolved in a 
minimal amount of CHjClj and treated with pet. ether to give the desired product as a 
white precipitate (0.74 g, 70%): mp 202 X; TLC (5% acetone/95% CHjCy F^0.09; 'H- 
NMR (DMSad^ 5 7.06 (d, J=5.5 Hz, 2H), 7.18 (dd, ^2.4, 4.6 Hz, 2H). 7.31 (dd, ^ 
2.2, 9.2 Hz, IH), 7.44 (d, ^.7 Hz, IH), 7.45 (s, IH), 7.79 (d, J^2.2 Hz, IH), 8.37 (s, 

2H), 8.50 (dd, J^2.2, 9.2 Hz, 2H), 9.63 (s, IH), 9.84 (s, IH); FAB^MS 420 ((M+H)+ 
70%). 

B2b. General Method for Reaction of an Aryl Amine with Phosgene Followed by 
Addition of a Second Aryl Amine 




AK2-Methoxy-5Ktriflnoromethy0phenyI>WH4K4-pyridinyld^ To a 

solution of pyridine (0.61 mL, 7.5 mmol, 3.0 equiv) and phosgme (20% in tohiene; 2.65 
mL, 5.0 mmol 2.0 equiv) m CH^Cl^ (20 mL) was added 4-(4-pyridinyltliio)aniline (0.506 
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g, 2.5 mmol) at 0 ®C. After stirring for 3 h at room temp,, the mixture was treated with 
anh. toluene (100 mL) then concentrated under reduced pressure. The residue was 
suspended in a mixture of CH2CI2 (10 mL) and anh. pyridine (10 mL) and treated with 2- 
methoxy-5-(trifluoromethyl)aniline (0.50 g, 2.5 mmol, 1.0 equiv). After stirring the 

5 mixture overnight at room temp., it was poured into a 1 N NaOH solution (50 mL) and 
extracted with CH3CI2 (3 x 25 mL). The combined organic laya:s were dried (MgS04) 
and concentrated under reduced pressure to give the desired urea (0.74 g, 71%): tap 215 
^C; TLC (5% acetone/95% CajCl^ 0.08; 'H-NMR (DMSOh^ 5 3.96 (s, 3H), 6.94 
(dd, J=1X 4.8 Hz, 2H), 7.19 (d, J^.4 Hz, IH). 7.32 (dd. >=2.2, 9.3 Hz, IH), 7,50 (d, 

10 J=8.8 Hz, 2H), 7.62 (d, ^.8 Hz, 2H). 8.32 (d, ^5.1 Hz, 2H), 8.53 (d, JN).7 Hz, IH), 

8.58 (s, IH), 9.70 (s, IH); FAB-MS 420 ((M+H)+). 

B3a. General Method for the Reaction of an Aryl Amine witii Phosgene with 
Isolation of die Iso^anate, Followed by Reaction with a Second Aryl Amine 

SO2CHF2 



phosgene (1.95 M in toluene; 3.0 mL, 5.9 mmol) in CHjClj (40 mL) at 0 was added a 
solution of 5-(difhioromedianesulfonyl)-2-methoxyaniline (0.70 g, 2.95 mmol) and 
pyridine (0.44 mL» 8.85 mmol) in CH2CI3 (10 mL) dropwise. After being stirred at 0 

20 for 30 min and at room temp, for 3 h, the reaction mixture was concentrated under 
reduced pressure, then treated with toluene (50 mL). The resulting mixture was 
CQncentrated under reduced pressure, was treated with E^O (50 mL) to produce a 
p recip i tat e (pyridinium hydrochloride). The resulting filtrate was concaitrated under 
reduced pressure to provide the title compound as a v^te solid (0.33 g). This material 

25 was used in the next step wiflioutfuiaer purification. 




15 



MeO 



Step 1. 5-(DifluoromethanesulfonyI)-2-methoxyphenyl isocyanate: To a solution of 
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MeO " " p 

Step 2. ^-CS-Methoxy-SKdifluorometfaanesnlfonyOphenyO-iVMS-flaortHl- 
methjipbenyOorea: 2-FIuoio-4-meaiylaDiline (0.022 mL, 0.19 mmol) was added to a 
solution of 5-(difluoiDmethanesiilfQi^l)-2-methoxyphenyl isocyaoate (0.046 g, 0.17 
mmol) in EtOAc (1 mL). The reaction mixture was stiiied at room temp, for 3 d. The 
resulting precipitate was washed vn± E^O to provide tfie title compound as a white solid 
(0.055 g): 'H-NMR (CDCU 8 2.24 (s, 3H), 4.01 (s. 3H), 6.93 (d, J=S.5 Hz. IH), 7.01- 
7.36 (m, 3H), 7.56 (dd, .^=2.4, 8.6 Hz, IH). 7.98 (app t, .^=8.6 Hz, IH), 8.79 (d, .^=2.2 Hz, 
IH), 9.07 (s, IH), 9.26 (s, IH); FAB-MS m/z 389 ((M+1)*). 

B3b. GMieral Method for the Reaction of an Aryl Amine with Phosgene with 
Isolation of the Isocyanate, FoUowed by Reaction with a Second Aryl Amine 

CFa 




Stq» 1. 2-Methoiy-5-trfflnoromethylphenyl Isocyanate: To a solution of phosgaie 
(1^ M in tohiene; 16 mL, 31.4 mmol) in CHjClj (120 mL) at 0 *C was added a sohition 
of 2-medu»Qr.5-(trifluQn>me&yl)amline (3.0 g, 15.7 mmol) and pyridine (2.3 mL, 47.1 
mmol) in CH^Clj (30 mL) dropwise. The resulting mixture was stirred at 0 *C for 30 min 
and at room iemp for 3 h, then concentrated under reduced pressure. The residue was 
diluted witti tohiene ^0 mL), concoitiated under reduced pressure, and treated with E^O. 
The resulting precipitate (pyridinium hydrochloride) was ranoved and flie filtrate was 
concaitrated under redeuced pressure to give the title compound as a yellow oil (3.0 g) 
yvtasii oystallized upon standing at room temp, for a few days. 

CFa 



MeO " " 
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Step 2. AK2-Meflioxy-5-(triflu romethyl)phenyl)- A^'-(4-fluor phenyl)urea: 4- 
Fluoroaniline (0.24 mL, 2.53 mmol) was added to a solution of 2-methoxy-5- 
(trifluoromethyOphenyl isocyanate (0.50 g, 2.30 mmol) in EtOAc (6 mL) and the 
reaction mixture was stirred at room temp, for 3 d. The resulting precipitate was washed 
5 with Et^O to give the title compound as a white solid (0.60 g): NMR: 3.94 (s, 3H). 7.13- 
7.18 (m, 3H), 7.30 (dd. >1.5, 8.4 Hz, IH), 7.44 (m, 2H). 8.45 (s, IH), 8.52 (d, >2.2 Hz, 
IH). 9.42 (s. IH); FAB-MS m/z 329 ((M+l)"). 

B4. General Mefliod for Urea Formation via Curtius Rearrangement, Followed 
10 by Trapping with an Amine 

OMe" " 

JV-(3-Methoxy-2*naphthyl)-JVH4-metliylphenyQarea: To a solution of 3-meflioxy-2- 
mq)htfaoic acid (Method A6, Step 2; 0.762 g, 3.80 mmol) and EtjN (0.588 mL, 4.2 mmol) 
in anh toluoie (20 mL) at room temp, was added a solution of diphenylpho^horyl azide 

15 (1.16 g, 4.2 mmol) m toluene (5 mL). The resulting mixture was heated to 80 ''C for 2 h, 
cooled to room tentp., and /^-toluidine (0.455 g, 4.1 mmol) was added. The mixture was 
heated at 80 overnight, cooled to room temp., quenched with a 10% dtiic add 
solntion, and extracted witti EtOAc (2 x 25 mL). The combined organic layors were 
washed witti a saturated NaCl solution (25 mL), dried (MgS04), and concentrated in 

20 vacuo. The residue was triturated wifli CHjClj to give the desired urea as white powder 
(0.700 ft 61%): mp 171-172 X; *H-NMR (DMSCMy 5 2.22 (s, 3H), 3.99 (s, 3H), 7.07 
(d, .^.49 Hz, 2H), 7.27-7.36 (m, 5H). 7.67-7.72 (m, 2H). 8.43 (s, IH), 8.57 (s, IH), 933 
(s, IH); FAB-MS mfz 307 ((M+H)*)- 

25 B5. General Method for the Reaction of Substituted Aniline with 
Carbonyldilmidazole Followed by Reaction with a Second Amine 




1 
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O2N 




HO 



JV-<5<:;hlor(H2-hydroxy-4-nitrophenyl)-iV^4<4-pyri(linylmea A 
solution of 4-(4-pyridinylmethyl)aniline (0.300 g, 1.63 mmol) and N,N'- 
carbonyldiimidazole (0.268 g, 1.65 mmol) in CH2CI2 (10 mL) was stirred at room temp. 

5 for 1 h at which time TLC analysis indicated no starting aniline. The reaction mixture 
was then treated with 2-amino-4-chloro-S-nitrophenol (0.318 1.65 mmol) and stirred at 
40-45 for 48 h. The resulting mixture was cooled to room temp, and diluted with 
EtOAc (25 mL). The resulting precipitate was sq)arated to give the desired product 
(0.416 g, 64%): TLC (50% acetonc/50% CH^Clj) R^0.40; "H-NMR (DMSO-d^ 5 3.90 

10 (s, 2H), 7.18 (d, J=^A Hz, 2H), 7.21(d, >6 Hz, 2H), 7.38 (d, J5=8.4 Hz, 2H), 7.54 (s, IH). 
8.43-8.45 (m, 3H), 8.78 (s, IH), 9.56 (s, IH), 11.8 (br s, IH); FAB-MS m/z {rcl 
abundance) 399 ((M+H)+ 10%). 

B6. General Method for the Synthesis of Symmetrical Diphenyl Ureas as Side- 
1 5 Products of Urea Forming reactions 



Bis(4-chIoro>3-(triflttoromethyI)plirayI)urea: To a soluticm of 5*amino-3-le7t- 
butylisoxazole (0.100 g) in anh toluene (5 mL) was added 4-chlon>-3- 
(trifluoromediyl)phenyl isocyanate (0 J95 g). The reaction vessel was sealed, heated at 

20 85 for 24 h, and cooled to room temp. The reaction mixture was added to a slurry of 
Dowex^ S0WX2-100 resin (0.5 g) in Q^CI^ (40 mL), and tiie resulting mixture was < 
stirred vigorously for 72 h. The mixture was filtered and Ifae filtrate was concentrated 
under reduced pressmre. The residue was purified by column chromatogrsphy (gradient 
form 100% CH2CI3 to 5% MeOH/95% COjO^ to give bis(4-chloro-3- 

25 (trifluonmi^yl)phmyl)urea followed by //-(3-/ert-butyl-S-isoxazolyl)-//'-('4-<^on>-3* 
(trifluoromethyI)phenyl)urea. The residue fiom the symmetrical urea fractions was 
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triturated (EtjO/hexane) to give the urea as a white solid (0.1 10 g): TLC (3% MeOH/97% 
CHjCy F^O.55; FAB-MS mJz 417 ((M+H)*). 

C. Urea Interconversions and Misc. Reactions 

CI. General Metliod for All^lation of Hydroxyphenyl Ureas 



Step l.Ar-(2*Hydroxy-5KtrmuorometfayltIuo)phenyl)-iVH4-meth^^^ 
Tolyl isocyanate (0.066 mU 0.52 mmol) was added to a solution of 2-hydioxy-5- 
(trifluoromethylthio)aniline (0.100 g, 0.48 mmol) in EtOAc (2 mL) and the reaction 
mixture was stirred at room tenq>. for 2 d. The resulting precipitate was washed with 
EtOAc to provide the title compound (0.13 g): *H-NMR (CDCI3) 5 2.24 (s. 3H). 7.44- 
7.03 (m, 6H). 8.46 (s. IH), 8.60 (d, J^l.8 Hz, IH). 9.16 (s. IH), 10.41 (s, IH); FAB-MS 
mh 343 (P^+1)*). This material was used in flie next stq) wifliout purification. 



Step 2.A'-0^Mettioxy-5-(triflaoromethylthio)phenyI)KJV^4-met^ A 
sohition of M(2-hydn)xy-5-(trifluoromethylduo)phenyl>^H4-me%^heny^^ (0.125 
g, 0J6 mmol), iodomethane (0.045 mL, 0.73 mmol), and K2CO3 (100 mg, 0.73 mmol) in 
acetone (2 mL) was heated at the reflux tenq). for 6 h, then was cooled to room temp, and 
concentrated under reduced pressure. The residue was dissolved m a minimal amount of 
MeOH, absQibed onto silica gel, and flien purified by flash chiomatograpy (3% 
E^O/97% CH^Cy to provide flie tifle confound as a white solid (68 mg): 'H-NMR 
(COaj 5 2.22 (s, 3H), 3.92 (s, 3H), 7.05-732 (m, 6H), 8.37 (s, IH), 8.52 (d, JN2.2 Hz, 
IH), 9.27 (s, IH); FAB-MS m/z 357 ((M+1)"). 




SCF3 
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C2. General Method for the Redaction of Nitro*C ntaining Ureas 




7V-(5-/£rr-BatyI-2-metfaoxyphenyl)-Ar'-<2-aimno-4^ A solution of 

^K5-/er/-butyl-2-methoxyphenyl)-i\^'-<2-nitn^ (prq)aicd in a 

5 manner analogous to Method Bla; 4.0 g, 1 1.2 nunol) in EtOH (100 mL) was added to a 
siuny of 10% Pd/C (0.40 g) in EtOH (10 mL), and the resulting mixture was stirred under 
an atmosphere of (balloon) at room temp, for 18 h. The mixture was filtered through a 
pad of Celite^ and concentrated in vacuo to aflford the desired product (3.42 g, 94%) as a 
powder mp 165-166 **C; 'H-NMR (DMSO-dJ 5 1.30 (s. 9H), 2.26 (s, 3H), 3.50 (br s, 
10 2H), 3.71 (s, 3H), 6.39 (br s, IH), 6.62 (s, IH), 6.73 (d. js=8.46 Hz, IH), 6.99 (dd, J^2.21, 
8.46 Hz, IH), 7.05 (d, ,^8.46 Hz, IH), 7.29 (s, IH), 8.22 (d, >2.57 Hz, IH); FAB-MS 
m/2 328((M+H)0. 

C3. Graeral Method of Thiourea Formation by Reaction with a Thioisocyanate 

15 MeO " " 

;V-(5-/^Batyl-2-'methoxyphenyl)-Ar'-(l-naphthyI)thiourea: To a solution of S-tert- 
butyl-2-methoxyaniline (0.372 g, 2.07 mmol) in tolume (5 mL) was added 1-n^hthyl 
thioisocyanate (0384 g, 2.07 mmol) and the resulting mixture was allowed to stir at room 
temp, for 8 h to produce a precipitate. The solids were sq;>arated and sequentially washed 

20 with toluoie and hexane to give the desired product as an ofif-white pwoder (0.364 g, 
48%): mp 158-160 *»C; ^H-NMR (DMSO-dJ 8 1.31 (s, 9H), 3.59 (s, 3H), 6.74 (d, J=SM 
Hz, IH), 7.13 (dd, ^2.21, 8.46 Hz, IH), 7.53-7.62 (m, 4H), 7.88-7.95 (m, 4H), 8.06-8.08 
(m, IH), 8.09 (br s, IH); FAB-MS 365 ((M+H)^. 
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C4. General Method f r Depr tection f r^-Butyl Carbonate-C ntaining Ureas 




JV-<5-/eit-Butyl-2-(2-hydroxyethoxy)phenyI)-JV'K4-methylphenyO A solution of 
AK5-/err-butyl-2-(2-rerf-butoxycaibonyloxy)ethoxy)phenyl)-^'^ 

5 (Method Blf; 0,237 g, 0.54 mmol) and TFA (0.21 mL, 2,7 nunol) in CH^Clj (2 mL) was 
stirred at room tenq> for 1 8 h, then was washed with a saturated NaHCOs solution (2 mL). 
The organic layer was dried by passing ttrough IPS filter paper (Whatman^ and 
concentrated under reduced pressure. The resulting white foam was triturated 
(EtjO/hexane), then reoystallized (EtsO) to give the desired product (3.7 mg): TLC (50% 

10 EtOAc/50% hexane) 0,62; 'H-NMR (DMSOd*) 5 1,22 (s, 9H), 3.75-3.76 (m, 2H), 
4.00-4.03 (m. 2H), 4.80 (t, J^.O Hz, IH). 6.88-6.89 (m, 4H), 7.06 (d, J^8.5 Hz, 2H), 
7.33 (d, J^8.1 Hz, 2H), 7.97 (s, IH), 8.20 br s, IH), 9.14 (s, IH); FAB-MS m/k (rel 
abundance) 343 ((M+H)^ 100%). 

15 

The following cQnq;)ounds have been synthesized accordmg to the General Methods listed 
above: 

Tablet. 2-Substitated-5-lM-bntylphenyl Ureas 



20 




Example 


R' 


R» 




TLC 


Solvent 
System 


Mass 
Spec. 


Source 


Synth. 
Method 


1 


OH 






0.54 


2% 

MeOH / 
98% 


299 

(M+H)+ 


FAB 


Bid 



W099/324«3 



71 



PCTAJS98/27265 













CH2C12 








2 


OMe 




199- 
200 






313 

(M+H)+ 


FAB 


Bid 


3 


OMe 




208- 
209 






390 
(M+) 


m 


Bid 


4 


OMe 




192- 
194 






389 

(M+HH 


FAB 


Bid 


5 


OMe 






0.58 


50% 

EtOAc / 

50% 

hexane 


347 

(M+H)+ 


FAB 


B3b 


6 


OMe 






0.62 


50% 

EtOAc / 

50% 

hexane 


351 

(M+H>i- 


FAB 


B3b 


7 


OMe 






0.71 


50% 

ElOAc / 

50% 

hexane 


331 

(M+HH 


FAB 


Bid 


8 


OMe 


Me 




0.74 


50% 

EtOAc / 

50% 

hexane 


331 

(M+H>f 


FAB 


B3b 


9 


OMe 


Me 




0.66 


20% 

EtOAc / 

80% 

hexane 


327 

(M+H)+ 


FAB 


Bid 


.10 


OMe 


-Q-M. 

F 




0.62 


20% 

EtOAc / 

80% 

hexane 


331 

(M+H)+ 


FAB 


Bid 


11 


OMe 






0.42 


13% 

EtOAc / 

87% 

hexane 


335 

(M+H)+ 


FAB 


Bid 


12 


OMe 


Me 

-Q-M. 




0.52 


2% 

MeOH / 

98% 

CH2C12 


327 

(M-4I>+ 


FAB 


Bid 


13 


OMe 


F 




0.56 


2% 

MeOH / 

98% 

CH2C12 


335 

(M-HH)4- 


FAB 


Bid 


14 


OMe 


a 




0.48 


2% 

MeOH / 

98% 

CH2C12 


351 


FAB 


Bid 


15 


OMe 


a 




0.50 


2% 

MeOH / 

98% 

CH2C12 


347 

(M+H)+ 


FAB 


Bid 


16 


OMe 




201- 
202 






390 

(M+H)+ 


FAB 


B2a 



SUBSTITUTE SHEET (RULE 26) 



wo 99/32463 



PCT/US98/27265 



72 



17 


OMe 




199- 
200 






390 

(M+H)f 


FAB 


B2a 


18 


OMe 




198- 
199 


0.45 


25% 

EtOAc / 

75% 

hexane 






Bla 


19 


OMe 




181- 
182 






389 

(M+H)+ 


a 


B2a 


20 


OMe 




181- 
183 






390 
(M+) 


£1 


Bla 


21 


OMe 




175- 
177 






358 

(M4H)f 


FAB 


Bla 


22 


OMe 


NO, 


219- 
220 






358 

(M4H>+ 


FAB 


Bla 


23 


OMe 


HjN 


165- 
166 






328 

(M+HH 


FAB 


C2 


24 


OMe 


NH2 


102- 
104 






271 

(M+H)+ 


FAB 


C2 


25 


OMe 


-8 


236- 
238 




• 


349 

(M4H>f 


FAB 


Bla 


26 


OMe 


a a 


192- 
194 






367 

(M+H)+ 


FAB 


Bla 


27 


OMe 




137. 
140 






550 

(M+H)^- 


FAB 


B2a 


28 


OMe 




197. 
199 






434 

(M4H>1- 


a 


A8,B2a 




vmc 




212- 
215 






416 

(M+H)f 


FAB 


B2a 


30 






195 






405 

(M+H>f 


FAB 


Ble' 


31 


CMe 


-O-Q. 


110 


0.07 


5% 

95% 
CH2a2 


408 

(M4H)^- 


FAB 


B2b 


32 


OMe 




185 


0.67 


5% 

icctojie / 

95% 

CH2C12 


425 

(M+H)+ 


FAB 


B2a 



SUBSTITUTE SHEET (RULE 2S) 



wo 99/32463 



73 



PCT/US98a7265 



33 


OMe 




214- 
215 


0.54 


5% 

ftcettme / 

95% 

CH2C12 


448 

{M+H)+ 


FAB 


B2a 


34 


OMe 


— ^"\-0-C^OMe 


180 


0^6 


5% 

acetone / 

95% 

CH2C12 


421 

(M+H)+ 


FAB 


B2a 


35 








0.67 


50% 

ctUAc / 

50% 

hexane 


343 

(M+H/r 


FAB 


AlO, Blf, 
C4 


30 


Me 


-Omc 




U.43 


ElOAc / 

50% 

liBxanff 


(M4H>»- 


CAS 


mo 




PflC 

-NyO 

Me 


/,' A 


223 






3M 

(M+H)+ 


CO 


OiC 


38 


0 




203- 
205 






366 

(M+HH 


FAB 


Bid 


39 


o 


-^^Mc 


230- 
232 






367 

(M+H)+ 


FAB 


Bid 


40 


Me 


"8 


197- 
198 






406 

(M+H)+ 


FAB 


A9, Bla 


41 


Me 


F 


204- 
205 






392 

(M+H)+ 


FAB 


A9,Bla 


42 


Me 


a a 


217- 
218 






424 


FAB 


A9»Bla 


43 


Me 




187- 
188 






370 


FAB 


A9.Bla 


44 


V 

0 


"8 


1 1 o 

llo- 
120 






462 

(M^H>4> 


FAB 


A9«0la 


45 


V 

0 


4> 


146> 
148 






448 

{M+H)*- 


FAB 


A9,Bla 



SUBSTITUTE SHEET (RULE 26) 



wo 99732463 



PCT/US98/27265 



74 



46 


V 

0 


-» 

a a 


no> 

113 






480 

(M+H)+ 


FAB 


A9,Bla 


47 


HN^ 


-Q-Me 


100 






•HA/ 

(M+H)+ 


FAR 

FAS 


AO nitt 
Ay, sift 


48 


"0 

NHMe 




107. 

I III 






398 


FAB 


A9,BU 


49 


NHMe 




180. 






472 


FAB 


A9,Blft 


50 


NHMe 


-O-f 


217- 






388 


FAB 


A9.Bla 


51 


"0 

NHMe 


-o 

o 


116- 

mU 






420 


FAB 


A9.Blft 


52 


NHMe 




100- 
105 






406 

(M-)>H)+ 


FAB 


A9,BU 


53 


NHMe 


CI CI 


103- 
105 






438 

(M+H)+ 


FAB 


A9,Bla 


54 


KHMe 


-O-Me 


118- 
120 






384 

(M-^HH 


FAB 


A9,Bla 


55 






125- 
128 






394 

(M+H)+ 


FAB 


Al^Bla 


56 


1 




227- 
230 






468 

(M+HK 


FAB 


Al.Bla 


57 




a a 


154- 
156 






434 


FAB 


AUBU 


58 






169- 
171 






373 

(M4H>^ 


FAB 


A2,Bla 



SUBSHTUTE SHEET (RULE 26) 



wo 99/32463 



PCTAJS98/27265 



75 



59 


"0 

<^ 


-o 


157- 
159 






423 


FAB 


A2,Bla 


60 


<^ 




229- 
231 






369 

(M-i«)+ 


FAB 


A2,Bla 


61 






200- 






468 


FAB 


B2a 


62 






187- 
188 






508 


FAB 


B2a 


63 


-o 




204- 
206 






413 


FAB 


Bla 


6« 


ON 




192- 
194 






389 


FAB 


A7,Bla 


65 




-8 


183- 
185 






425 

(M-«)+ 


FAB 


A7.Bla 


66 


-Q 

Oh 


CI CI 


159- 
160 






443 

(M+H><- 


FAB 


A7»B]a 


67 






179- 
180 






411 


FAB 


A7,Bla 


no 


F 






0.06 


10% 

EtOAc / 
90H 


408 


FAB 


A7,Bla 


69 


-o 




227- 
229 






377 


FAB 


A7,Bla 


70 


-o- 


-O-F 


216- 
217 






381 

{M+H>+ 


FAB 


A7,Bla 


71 


-o 




213- 
214 






431 

(M4fl>f 


FAB 


A7.BU 


72 


-Qi 




200- 
201 






399 

(M4fl>f 


FAB 


A7»Bla 


73 






134- 
136 






443 
(M+) 


H 


A7»Bla 



SUBSHTUTE SHEET (RULE 26) 



wo 99/32463 



PCT/US98/27265 



76 



74 






185- 
186 






459 

(M+H)+ 


FAB 


A7»Bla 


75 






207- 
208 






419 

(M+H)+ 


FAB 


A7»Bla 



SUBSTITUTE SHEET (RUUE 26) 



wo 99/32463 



PCT/US98/2726S 



77 



Table 2. 



2-Siibstf tuted'5-(triflDoromethy0phenyl Ureas 
CPs 



o 









TO 


XL 
C 


Solvent 
Syiieiii 


Mass 

Spec. 


Source 


SyndL 
Mediod 


76 


OMe 




185- 
186 






325 

(M+HH 


FAB 


Bid 


77 


OMe 






0.2 
2 


20% 

EtOAc / 

80% 

hexme 


329 

(M*H)+ 


FAB 


B3b 


78 


OMe 






0.4 
9 


20% 

ElOAc / 

80% 

hexane 


343 

(M+H)+ 


FAB 


B3b 


79 


OMe 


Me 




03 
2 


20% 

EtOAc / 
80% 


343 

(M+HH 


FAB 


B3b 


80 


OMe 






03 
7 


20% 

EtOAc / 

80% 

hrximc 


359 

(M+H)+ 


FAB 


B3b 


81 


OMe 






0.4 
4 


20% 

EtOAc / 

80% 

hexane 


363 

(M4fl>f 


FAB 


B3b r 


82 


OMe 


Me 




0.6 
8 


50% 

EtOAc / 
50% 


339 

(M+HH 


FAB 


Bid 



SUBSTITUTE SHEET (RULE 26) 



wo 99/32463 



PCT/US98a7265 



78 













hexane 








83 


OMe 


F 




0.6 
8 


50% 

EtOAc / 
50% 


343 

(M-i-H>*> 


FAB 


Bid 


84 


OMe 






0.6 
0 


50% 

EtOAc / 
50% 


347 

(M-«)+ 


FAB 


Bid 


85 


OMe 


Me 




0.5 
3 


2% 

MeOH / 

98% 

CH2CI2 


339 

(M*fH)4- 


FAB 


Bid 


86 


OMe 


-Q-F 

F 




0.2 
9 


2% 

MeOH / 

98% 

CH2Q2 


347 

(M+H)*- 


FAB 


Bid 


87 


OMe 


a 




0.2 

7 


2% 

MeOH / 

98% 

CH2C12 


30 

(M-^fl)-*- 


FAB 


Bid 


88 


OMe 






0.4 
5 


2% 

MeOH / 

98% 

01202 


359 

(M+H)^ 


FAB 


Bid 


89 


OMe 




184- 
185 






401 

(M+HH 


FAB 


B2a 


90 


OMe 




176- 
178 






4020^-1-) 


H 


BU 


91 


OMe 


-8 


231- 
233 






361 

(M4H>f 


FAB 


Bla 


92 


CMC 




192- 
194 






379 

(M+H)+ 


FAB 


BU 


93 


OMe 




198 






417 

(M+HH 


FAB 


Ble 



SUBSHTUTE sheet (rule 2S) 



wo 99/32463 



PCT/US98/27265 



79 



94 


OMe 




206 


0.5 
8 


5% 

BCfftOflg / 

95% 
CH2C12 


437 

(M4H)+ 


FAB 


B2a 


95 


OMe 




98-99 


0.5 
0 


5% 

icetope / 

95% 

CH2Q2 






B2a 


96 


OXle 


-Oo-Q-OMe 


190 


0.6 
5 


5% 

tffitftnt / 

95% 

CH2C12 






B2a 


97 


OMe 




NQz 


194 


0.7 
6 


5% 

icetooe / 
95% 

cmcn 


464 

(M+H)+ 


FAB 


B2a 


98 


OMe 




W 


210- 
211 


0.0 
7 


5% 

ficetme / 
95% 


402 

(M+H)+ 


FAB 


B2a 


99 


OMe 




202 


0.0 
9 


5% 

scetone / 

95% 

CH2C12 


420 

(M+H)+ 


FAB 


B2a 


100 






hi 


215 


0.0 
8 


5% 

icctoHe / 

95% 

CH2C12 


420 

(M-«><- 


FAB 


B2a 


101 


OMe 


-OK] 


N 


206 


0.0 
5 


5% 

acetone / 
95% 

CH2CI2 


404 

(M4H)4> 


FAB 


B2a 


102 


OMe 


a 




0.7 
8 


5% 

tcctoiic / 
95% 


471 

(M+H>+ 


FAB 


Bla 



SUBSTITUTE SHEET (RULE 2B) 



wo 99/32463 



PCT/US98/27265 



80 



103 


OMe 


Me 








471 

(M-fflH 


FAB 


Bla 


104 


OMe 










487 

(M+HH 


FAB 


Bla 


lOS 


H 

Me 


-Q-Me 




0.6 
5 


20% 

EtOAc / 
80% 


352 

(M+H)+ 


FAB 


Bid 


106 


N^O 

T 
OMe 




159- 
160 


OJ 
3 


25% 

EtOAc / 
75% 


353 

(M+Hh> 


FAB 


A5,BU 


107 


v^O 
T 

OMe 


-o 


152- 
153 


03 
5 


25% 

EtOAc / 
75% 


339 


FAB 


A5.Bla 


108 


SMe 




246- 
247 


03 
0 


25% 

EtOAc / 
75% 


377 

(M+H)+ 


FAB 


BU 


109 


SMe 




210- 
211 


03 
5 


25% 

EtOAc / 
75% 


345 

(M+H>i> 


a 


Bla 


110 


94e 




195- 
196 


03 
5 


25% 

EtOAc / 
75% 


314 

(M-fH)+ 


FAB 


Bla 


lit 


SMe 




196- 
197 


0.4 
0 


25% 

ElQAc / 
75% 


395 


FAB 


Bla 



SUBSTITUTE SHEET (RULE 26) 



wo 99/32463 



PCTAJS98y27265 



81 



Tables. 



f-Snbstttated 2-Methoxy-5-sttlfooylphe]iyl Ureas 
MeO " " 




ExBinplc 








TLC 


SoWem 
Svstexn 


Mass 

Spec. 


Source 


Synth. 
Method 


112 




F 


205- 
207 






339 


HPLC 
ES-MS 


Bid 


113 




CHFj 


195- 
196 






370 (M-*-) 


EI 


Bid 


114 


Me 


CHF] 




0.46 


50% 

EtOAc / 

50% 

hexane 


389 

(M+Hh 


FAB 


B3a 












EtOAc / 
50% 


(M+H)^^ 


FAR 




116 




CHFs 




003 


20% 

EtOAc / 
80% 


409 

(M+H)+ 


FAB 


B3a 


117 


Me 


CHF] 




0^ 


50% 

EtQAc / 
50% 


389 

(M4H>^ 


FAB 


B3a 


118 




CHFs 




033 


50% 

EtOAc / 
50% 


375 


FAB 


B3a 



SUBSTmiTE SHEET (RULE 26) 



wo 99/32463 



PCT/US98/27265 



82 



119 




CHF, 




0^8 


50% 

EtOAc / 
50% 

bC'XHBC 


389 

(M+H)+ 


FAB 


Blc 


120 


F 


CHFa 




0^ 


50% 

EtOAc / 

50% 

hexane 


389 

(M+H>4- 


FAB 


Bid 


121 




CHF, 




0.44 


50% 

EtOAc / 
50% 


393 

{M+H)+ 


FAB 


Blc 


122 




CHF, 




033 


5% 

MeOH / 

95% 

CH2C12 


385 

(M+H)+ 


FAB 


Blc 


123 


F 


CHF2 








393 

(M+HH 


FAB 


Blc 


124 




CHF2 








409 

(M+HH 


FAB 


Blc 


12S 


a 


GHF, 








405 

(M+H)+ 


FAB 


Blc 


126 


Me 


CHF2 




0^ 


50% 

EtOAc / 
50% 


385 

(Nf+fi>f 


FAB 


Blc 


127 








0J6 


50% 

EtOAc / 
50% 


389 

(M+H)+ 


FAB 


A3, Bid 



SUBSTITUTE SHEET (RULE 26) 



wo 99/32463 



PCTAJS98/27265 



83 



Table 4. 



3-Snb8tituted*2-iiaphthyI Ureas 












TLC 
-£^- 


Solvent 
Svstem 


Miss 

Spec. 


Source 


SyndL 
Mediod 


128 


OMe 


--Q-Me 


171- 
172 


0.40 


25% 

EtOAc / 

75% 

hexane 


307 

(M4H)+ 


FAB 


B4 


129 


OMe 


-Q-Me 
F 


197. 
199 


040 


14% 

EtOAc / 
66% 


325 

(M-«>4- 


FAB 


B4 


130 


OMe 


■8 


235. 
236 


0.45 


25% 

EtOAc / 

75% 

hexane 


343 

(M+H>+ 


FAB 


A6,Bla 


131 


OMe 


-Of 


236- 
237 


0.45 


25% 

BOAc / 
75% 


311 

(M-»fl>4- 


FAB 


A6,Bla 


132 


OMe 


43 


209. 
211 






311 

(M+HH 


FAB 


A6.BU 


133 


OMe 


'^m Me 


225- 
226 






321 

(M+HH 


FAB 


A6,BU 


134 


OMe 




199. 
200 






395 

(M4H>f 


FAB 


A6.Bla 


135 


OMe 


a 


227- 
228 






361 

(M'fHH 


FAB 


A6,Bla 



SUBSTITUTE SHEET (RULE 2S) 



wo 99/32463 



PCTAJS98/27265 



84 



136 


OMe 


-Q 

a 


207- 
208 






327 

(M+H)+ 


FAB 


A6,Bla 


137 


OMe 


a 


234- 
235 






361 

(M+H>+ 


FAB 


A6,Bla 




\JmC 


M 

Mc' NO2 


228- 
229 






352 

(M4H>f 


FAB 


A6,Bla 


139 


OMe 


McO 

-b 


I90u 
195 






323 

(M4H>f 


FAB 


A6,Bla 


140 


OMe 


F 


203- 
205 






310 

(M4HH 


FAB 


A6.Bla 


141 


OMe 


-Q 

Me 


209- 
210 






307 

(M+HH 


FAB 


A6,Bla 


142 


OMe 


-Q-OMe 


200- 
201 






323 

(M+H>+ 


FAB 


A6,Bla 


143 


OMe 


-So 


201- 
202 






307 


FAB 


A6»Bla 


144 


OMe 




216- 
218 






385 

(M+HH 


FAB 


A6,Bla 


145 


OMe 




181- 
182 






361 

(M+HH 


FAB 


A6«Bla 


146 


OMe 




238- 
239 


0.25 


25% 

EtOAc / 
75% 


402 


FAB 


B4 


147 


OMe 




199- 
200 


0^0 


25% 

EtOAc / 
75% 


384 


FAB 


B4 


148 




-0^ ' 


175- 
176 






321 


FAB 


A6,BU 



SUBSTITUTE SHEET (RULE 2B) 



wo 99/32463 



PCTAJS98/27265 



85 



149 


OMe 




164- 

100 






544 

(M+H)+ 


FAB 


A6.BU 


150 


OMe 




206- 
209 






446 

(M4HH 


FAB 


A6,Bla 


151 


OMe 




234- 
237 






410 


FAB 


B2a 


152 


GMt 




209- 
211 


0.40 


25% 

EtOAc / 
75% 


414 (M-*^) 


H 


B4 



SUBSTITUTE SHEET (RULE 26) 



wo 99/32463 



PCT/US9S/27265 



86 

Tables. AfbcUms 



Exsinplc 




(TO 


•oc 


Solvent 
Svstcin 


Mass 

Spec. 


Source 


Synth. 
Mediod 


1S3 


MeO " " 


183- 
184 






327 


FAB 


Bid 


154 


MaO " " 


156- 
157 






312 (M-^) 


EI 


Bid 


155 






0.46 


50% 

EtOAc / 

50% 

hexane 


291 

(M+H)+ 


FAB 


Bid 


156 


HO " " 














157 


HO 




0.40 


50% 

ICCtODC / 

50% 
CH2C12 


399 


FAB 


B5 


158 




219- 
221 






336 


FAB 


Bid 


159 


"Aw 

MaO " " 


205 






305 


FAB 


Bid 


160 


MeO " " 


208- 
210 






302 

(M+H><- 


FAB 


Bid 



SUBSTITUTE SHEET (RULE 2B) 



wo 99/32463 



PCTAJS98y27265 
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161 




226. 
228 






355 


FAB 


Bid 


162 




160- 
162 






328 

(M-»«)+ 


FAB 


Bla 


163 






0^ 


50% 

EtOAc / 
50% 


291 


FAB 


Bib 


164 


MeO " " d 


225- 
226 


0^ 


25% 

ElQAc / 
75% 


367 

(M+H)+ 


FAB 


A4,Bla 


165 






035 


3% 

MeOH / 

97% 

CH2CI2 


417 


FAB 


B6 


166 




169- 
171 






407 


FAB 


BU 


167 


1^^^^ ^^^^^^ 


158- 
160 




C3 


365 


FAB 


C3 



BIOLOCirAT. RVAMPTFg 

WRirina<M>A«:^ 

5 Tbe oi vitro inhibhoiy properties of campaands were detemmied ustng a p38 i^ftg*' 
inhibitiQn assay. P38 activity was detected using an oi vitro Hnftjai* assay run in 96-well 
microliter plates. Recombinant hnman p38 (0.S ^g^mL) was mixed with substrate (myelin 
basic protein, 5 (ig/hiL) in kinase buffer ^ mM Hq>es» 20 mM MgClj and 150 mM 
NaCl) and compound. One (xCi/well of ^-labded ATP (10 pM) was added to a final 



SUBSTITUTE SHEET (RULE 26) 
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volume of 100 ^L. The reaction was run at 32 for 30 min. and stopped with a IM HCl 
solution. The amount of radioactivity incorporated into the substrate was determined by 
trapping the labeled substrate onto negatively charged glass fiber filto: paper using a 1% 
phosphoric acid solution and read with a scintillation counter* Negative controls include 
5 substrate plus ATP alone. 

All con^)ounds exemplified displayed p38 IC^qS of between 1 nM and 10 pM. 

LPS Induced TNFa Production in Mice: 

10 The in vivo inhibitory properties of selected compounds were determined using a murine 
LPS induced TNFa production in vivo model. BALB/c mice (Charles RivCT Breeding 
Laboratories; Kingston, NY) in groups of ten were treated with either vehicle or 
compound by the route noted. After one hour, endotoxin (E. coli lipopolysaccharide 
(LPS) 100 ^g) was administered intraperitoneally (i.p.)« After 90 min, animals were 

IS euthanized by carbon dioxide asphyxiation and plasma was obtained fiom individual 
animals by cardiac puncture ionto heparinized tubes. The samples were clarified by 
centrifugation at 12,500 x for S min at 4 ^C. The siq)ematants were decanted to new 
tubes, which were stored as needed at -20 X* TNFa levels in sera were measured using 
a conunercial murine TNF ELISA kit (Genzyme). 

20 

The preceeding examples can be rq>eat6d with similar success by substituting tiie 
generically of specifically described reactants and/or operating conditions of fiiis 
invention for those used in the preceeding examples 

25 ¥nm the fon^oiog discussion, one skilled in the acrt can easily ascertain the essential 
characteristics of ibis invention and, without dq>arting fiom fiie spirit and scope Himof, 
can make various changes and modifications of the invention to adapt it to various usages 
and conditions. 
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WHAT IS CLAIMED IS: 



10 



20 



25 



30 



1. 



A method of treating a disease, other Hum cancer, mediated by p-38, 
conqmsing administering a compound of formula I 



1 



B-NH "NH-A 



wherdn 
IS A is 




or 



B is a substituted or unsubstitnted, up to tricydic aryl or h^eroaiyl moiety of up to 30 
caibon atoms widi at least one 6-memba' aromatic structure containing 0-4 members of 
die group consisting of nitrogen, oxygen and sulfur, wherein if B is substituted, it is 
substituted by one or more substiments selected from the group consisting of halogen, 
up to per-halo. and W„, wherein n is 0-3 and each W is indqiendently selected from the 
group consisting of -CN, -COjR', -C(0)NR'R', -C(0)-R', -NOj, -OR', - SR', - NR'k', 
-NR'C(0)OR'. -NR'C(0)R', C,-C,o alkyl, C,.,„-alkenyl. C,.,o-aDcoxy, C,-C,o qrdoallqrl, 
C«-C,4 aiyl, CrCj, alkaryl, C,-Cu heteroaiyl, C^-Cji alkheteioaryl, substituted C,-C» 
alkyl, substituted C^,o-alkenyl, substituted C,.,o-alkoxy, substituted C,-C,o cyctoalkyl, 
substituted C4-CS alldieteroaryl and Q-Ar; 
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wherein if W is a substituted group, it is substituted by one or more substituoits 
independently selected from the group consisting of -CN, -COjR^. -C(0)R^, 
-C(0)NR^\ -0R\ -SR\ -NRV , NO2. -NR^C(0)R^ , -NR^C(0)OR^ and halogen up 
to per-halo; 

5 wherem each R' is independently selected from H, C,-C,o alkyl, Cj^io-alkenyl, 

C3-C10 cycloalkyl, C<rC„ aryl. C3-C13 hetaryl, CVQ^ alkaryl, C4-C23 alkheteroaryl. up 
to per-halosubstituted C,-C,o alkyl, up to per-halosubstituted Cj.io-alkenyl , up to per- 
halosubstituted Cj-Cjo cycloalkyl, jxp to per-halosubstituted CVC,4 aryl and up to per- 
halosubstituted C3-C,3 hetaryl, 
10 wherein Q is -0-, -S-, -N(R>, -(CHa)-^, <:(0)-, -CH(OH)-. -(CHj)„0-, 

.NR^C(0)NR^^ -NR^C(OK -C(0)NR\ -(CH^)^, -(CH^) J^(R>. -0(CH^„-. 
-CHX». -CX*2-. -S-(CH2)„- and -N(R^(CH2)„-, 
m - 1-3, and X* is halogen; and 

At is a 5-10 member aromatic structure containing 0-2 members of the group 
IS consistmg of nitrogen, oxygen and suliiir, which is unsubstituted or substituted by 
halogen up to per-halo and optionally substituted by 2^, wherein ^1 is 0 to 3 and each Z 
is mdependenfly selected from the group consistmg of of -CN, <:0^\ -C(0)NR^R\ - 
C(0)- NR\ -COR^ -NO2, -0R^ - SR\ - mCR\ -NR^C(0)OR^ -NR^C(0)R\ C,-Cio 
alkyU Cj-Cw cycloalkyl, aryl, C3-<:i3 hetaryl, CVCj* alkaryl, C4-CJ, 

20 alkheteroaryl, substituted Ci-C,o alkyl, substituted CyC^ cycloalkyl. substituted CVCj^ 
alkaryl and substituted C4-C23 alkheteroaryl; wherein the one or more substituents of Z 
is selected from the group consisting of -CN. -COJBC, -C(0)NR^^, 0R\ -SR^, -NOj, 
-NR^^ , -NR'C(0)R^ . -NR'C(0)0R\ 

25 R^', R^' , R^' are eadi indq)endmtly H. CLio-all^l, optionally substituted by 

halogen, vp to pechalo.. Ci.to alkoxy. optionally substituted by halogo. 19 to 
pedialoalkoxy. halogen; NO, or NI^; 

R'^ is H. C,.,o-alkyl, C,.,o aDcoxy, -NHCOR^ -NR*COR^ NO,; 
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or -N^ 




NH 



one of , or R'' can be -X-Y, 

or 2 adjacent R*-R*' can together be an aryl or hetaryl ring with 5-12 atoms, 
optionally substituted by C,.,o-alkyl, C,.,o alkoxy, Cj.,© cycloalkyl, alkenyl, 
C,.io alkanoyl, C^,j aryl, C^.^ hetaiyl or C«.,2 aralkyl; 

R^ is Ci.,o-alkyl optionally substituted by halogen, up to petfaalo; 

X is -CHj-. -NCCHjK -NHC(0K -CH^-S-, -S^-, -C(0K or -O-; and 

X is additionally a single bond where Y is pyridyl; 

Y is phenyl, pyridyl, m^hthyl, pyridone, pyrazine, benzodioxane, benzopyridine, 
pyrimidine or benzofhiazole, each optionally substituted by 

C,.,o-alkyl, Ci,,o-alkoxy, halogen, OH, - SCH3 or NO, or, whwe Y is phenyl, by 




or a pharmaceutically accq>tabl6 salt thereof. 



2. A method according to claim 1, comprising administering a compound of 



formula la 
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wherein 



R\ R\ R^ and are each independently H; halog^ C,.io- alkyl optionally substituted 
5 by halogen up to perhalo; C,.io-alkoxy optionally substituted by at least one hydroxy 
group or halogen up to peifaalo» C^.^ aiyl» optionally substituted by Clio alkoxy or 
halogen^ Cs.}, hetaryl» optionally siibstitued by Ci.,o all^l» Ci.,o alkoxy or halogen; NO2 ; 
SOjF; -SOaCHpCj^; -COGR}; m»CONHR*; -NHCOR'; -SR'; NH^; 'N(SO^% 
fiuyloxy; 



10 




IS 2 adjacent R^-R^ can togeth^ form an aiyl or hetaiyl ring with S-12 atoms, 

optionally substituted by C,.,o-alkyl, Cuo-alkoxy, C3.,o-cycloalkyl, C2.,o-alkenyl, C,.,o- 
alkanoyU C6.u-aryl , C5.„-hetaryl, C«.i2-aralkyl, C«2-alkaiyl. halogen; -NR*; -NOj; -CFj; 
-COOR^ -NHCOR^ -CN; -CONR'R'; ^O^R^ -SOR^ -SR^; in which R' is H or C,.,o- 
alkyl and R^ is C,.io-alkyl optionally substituted by halogm, up to perhalo, with - SO2- 

20 optionally incorporated in tifaieaiyl or hetaiyl ring; 
p isOorl; 

one of R\ R\ R^ or R* can be -X- 

with the proviso that if R^ and R^ are both H , one of R^ or R^ is not H, and R^' - R^ are as 
defined in claim 1. 

25 

3. A method according to claim 2, iK^odn 
R^ is H; halogen; Ci.io-alkyl optionally substituted by halogen^ vsp to perhalo, NO2, 

-SOjFor-SOjCF,; 
R^ is H, C|.,o-alkyl, C,.,o-alkoxy, halogen or NOj; 
30 R^ is H, C|.,o-alkyl optionally substituted by halogen, to peifaalo; 

. R^ is H, hydroxy, C,.|o*alkoxy optionally substituted by at least one hydroxy gxavp; 
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-COOR'; -OR'CONHR'; -NHCOR'; -SR'; phenyl optionaUy substituted by halo 

or C,.,o-alko3qr; NH,; -}iiSO^% fiuyloxy, thiophene, pyrole or methyl 
substitated pyiole. 




4. A method according to claim 2, wherein R* is CI, F, C4.j-branched aUcyl, - 
SOjF or -SOjCFj; and R* is hydroxy; C,.,o-alkoxy optionally substituted by at least one 
hydroxy group; -COOR*; -OR'CONHR'; -NHCOR'; -SR'; phenyl optionally substituted 
by halo or C,.,o-alkoxy; NH,; -NCSOjR'),, ftuyloxy. 




5. A compound according to claim 2, wherein R^' is C,.,o-alkyl or halogen; 
R^'is H. C,.,o-alkyl, halogen. CF, . halogen, NO, or NH^ and R'is H, Cuo-alkyl, 
halogen, -NHCOCH,, -N(CH,)COCH„ NO,, 




6. A method acc(»ding to claim 2, wherein R*' is C,.,o-aUcyl, halogen, CFj, 
halogen, NO, or NH,. 
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7. Amelh(>daccoidmgtoclaim2,whernnR''isC,.io-8lkyl> 
halogen, -NHCOCH3, -N(CH,)COCH„ NO,, 




0^ — N^l 



o 



5 8. A method according to claim 4, wherein is t-butyl or CF3 and is 

-OCH3. 

9. A method accorduig to claim 2, wherdn the disease is mediated by a 
cytokine or protease regulated by p38. 

10 

10. A method according to claim 2, whorein the disease is mediated by TNFa» 
MMP-1, MMP-3, IL-1. IL-6 or 11^8. 

11. A method according to claim 2, wherein the disease is an inflammatory or 
IS immunomodulatory disease. 

12. A me&od according to claim X herein flie disease is osteoarthritis, 
rheumatoid arthritis, osteoporosis, asthma, septic shock, inflammatory bowel disease, or 
tiie result of host-versus*graft reactions. 

20 

13. A meOiod according to claim 1, ^^rtierein flie compound of fonnula I is 
N'<S-teTt-Butyl-2'medioxyphenyl)-N'-(4-phaiyloxphei^0uzea; 
N-<5-tert*Butyl-2-methoxyphenyl)-NH4-(4-methoxyphenyloxy^^ 
N-<S-teit-Butyl-2-methoxyphenyl)->r-<4-(4-pyridinyloxy)phenyl)m 

25 N-<S-tert-Butyl-2-mefhoxyphenyl)-N'-<4-(4-pyridinyImettiyl)^^ 
N-<5-tert-Butyl-2-medioxypheQyI)-N'-(4-(4-pyridinyltUo)phen^ 
N<5-tert-Butyl-2-methoxyphenyl)-N44-(4<4,7.meflim 
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dionyl)inethyl)phenyl)u]:ea; 
N-<5-tert-Bufyl-2-phenylphrayl)-NH23-dicUorophenyl)ur^ 
N-<Mert-Butyl-2-<3-thienyl)phenyl>N'-<23-<iicWoro^ 
N-<S-tert*Butyl-2-<N-metfayla]xiinocaibon^ 

dichloropheDyI)urea; 
NK5-tcrt-Butyl-2<N-methylaininocaibonyl)methox^ 
N-<S-tert-Butyl-2-^-mo]phoImocaibonyl)mefhoxyphmyl)-I^ 

dichlorophenyI)urea; 
NK5-tert-Butyl-2-<N-moipholinocari)onyl)methox^ 
NK54ert-Butyl-2-methoxypheayl)-N'-(4-(3-pyridmyl)me% 
N-(54ert-ButyI-2-(3-tetrahydK)furanyloxy)phenyl^^ 
N-<S-Trifluoiometfayl-2-metfaoxyphenyl)-N'-(4-methylphCT^ 
N-<5-Triflu<m)mcthyl-2-methoxyphenyl>N^4-methyl-2-fluoro^ 
N-<5-Trifluoromethyl-2-methoxyphenyI)-N*-(4-fluon>-3'K:Uorophen^ 
N-<5-Trifluoromethyl-2-inethoxyphenyI)-N*-(4-methyl-3-<:Mor^^ 
N-(5-Trifluoiomethyl-2-methoxyphenyl)-N'-<4-methyl-3-fluorophe^^ 
N-<5-Trifluoromethyl-2-methoxyphenyl)-N-(2,4-difluorophenyl)ii^^ 
N-<5-Trifluoromethyl-2-methoxyphenyI)-N'-<4-phenyloxy--3,5- 

dichloiophenyl)urea; 
N-(5-Trifluoromethyl-2-methoxypheayl)-N'-<4-(4-pyri 
N-<5-Trifluoiom^yl-2-me&oxyph£ayl>N'-<4-(4^yridm 
N-<5-Trifluoiomethyl-2-methoxyphmyl)-N'-(4-(4-pyridm 
N-(5-TrifluoTomethyl-2-methoxyphmyl)-NH3<4-pyri(iinyltbio^^ 
N-(S-TrifIuoiomethyl-2-metfaoxypheQyI>N'-(4-(3-(N-met^^ 

pheiiyloxy)phenyl)-i]rea; 
N-(S4^UQrosulf(myl)-2-methoxyphenyI)-N'-(4^ 
N-<5-<Diflui0metfaanesulfoi]yl)-2-me^ 
N-<5-(IMflui0medianesulf(myI)-2-med^ 
NK5-(Difliii0mc^hanesulfonyl)-2*metfaoxyph 
fluoiophenyl)i]rea; 

N-(S-0Diflitrcmie&anesuIfonyI)-2-m^ 
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fluoropheiiyl)urea; 

N--(S-^ifluromethanesuifonyl)-2-methoxyphenyl)-NX4-me&^ 
chlorophenyl)urea; 

N-(S-(IMfluromedianesuIfonyI)-2-m6tho3cypheQyl)-N^ 
chIoiopheayl)uiea; 

N-<S-(Diflunmielhanesulfonyl>2-metfaoxyphen^ 
inethylphenyl)urea; 

N-<5-(DiflunmetfaanesulfonyI)-2-methoxyphenyI)-N'-(^^ 

N-<S<rrifIuoiomethanesulfonyl)-2-me^ 

N-<3-meaioxy-2-n^hthyl)-NX2-fluon)phenyl)^ 

N-<3-Metfa03Qr-2-naph%l>N*-(4-inelhy}phenyl)urea; 

.N-<3-Mettioxy-2-nq>h%l>N*K3-fluorophenyl)ui^ 

N-<3-Mettioxy-2-iiq>h%l)-NX4-me4hyl-3-fluoroph€aiyI)ur^ 

NK3-Mettioxy-2-nqihthyl).N42,3-dimethylphenyl)urea^ 

NK3-Melfaoxy-2-n^h%I)-N'-<l-mq)htfayl)urea; 

N-<3-Methoxy-2-iuiphthyl>N44K4-pyridinylmethyl^^ 

N-<3-Melhoxy-2-n^hthyl>N'-(4-(4-pyridmylthio)phenyl)ui^ 

NK3-Methoxy-2-naphthyl)-N44-(4-methoxyphenyloxy)phenyl) and 

NK3-Methoxy-2-naph%l)-hrK4-(4-(4,7-methm 
dionyl)methyl)phenyl)urea. 

N-<2-Hydioxy-4-mtn>-5<Uoit)pheayI)-N*-<phOT^ or 

N-<2-Hydroxy-4-mtio-S-cUoiophenyI)-N'-{4-(4-pyridinylm 
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A compound of foimula n 



5 




wherein 



R^, R\ R^ and are each independently H; halogen; C,.,o- alkyl optionally substituted 
by halogen up to perhalo; C,.,o-alkoxy optionally substituted by at least one hydroxy 
10 group; NOj ; SO^F; .S02CH^3^; -COOR*; -OR'CONHR'; -NHCOR'; -SR'; C^,^ aryl, 
optionally substituted by C,.,o-alkyl, Cj.,© alkoxy or halogen, C5.12 hetaryl, optionally 
substitued by C,.,o alkyl, Ci.,o alkopcy or halogen ; NHj; •N(S02R*)2; fuiyloxy; ' 



2 adjacent R^-R^ can togettier form an aryl or hetaiyl ring with 5-12 atoms, 
optionally substituted by C,.,o-alkyl, Ct.io-alkoxy, C3.,o-(^cloalkyl, Cj-io-aO^^yU C,.,o- 
15 alkanoyU Cfi.i2-aryl , C5.,2-hetaryl, Cc.„-arall^l, Cwj-alkaryl, halogen; NR'R', NOj; -CT,; 
-COOR'; -NHCOR"; -CN; -CONR'R*; -SO^R^ ^OR^ -SR^; in which R* is H or C,.,o- 
alkyl and R^ is C|.,o-ancyl; Ci.,o-alfa>xy, optionally substituted by halogen vp to 
peifaaloalkoxy, 

R^ R'^ and R^ are each mdependently H, C,.,o-a]l^l, optionally substituted by halogen, 
20 19 to perhalo; halogen; NO, or NH,; 

R^ is H, C,.,o-alkyl, halogen, -NHCX)R^ -NR»COR'; NO,; 





or 2 adjac»t R^'-R^ can togedier be an aryl or hetaiyl ring with 5*12 atoms; 
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isC,.,o-alkyl; 
n isOcffl; 

X is-CHj-, NCCHj)-, -NHC(0), CHj-S-, -S-C3Ij-, -C(OK or-O-; and 
Y is phenyl, pyridyl, naphtfayU pyridone, pyrazine, benzodixane, benzopyridine, 
pyiimidine or benzotfaiazole, each optionally substituted by 
C,.,o-alkyl, C|.,o-alkoxy, halogen or NO^ or, where Y is phenyl, by 



or a phannaceutically acceptable salt thereof, 

with the provisos that 

(a) if and R*^ are both H, one of R^ or R^ is not H, 

(c) R^ is phenyl substituted by halogen, alkoxy substituted by hydroxy, 

-SOjCFjH, -OR'CONHR', 




Q 




fiiryloxy or -NCSOjR*)^; or R^ i 



IS 




and 



(c) the compounds have a pKa greater than 1 0. 
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15. A conqwund according to claim 14, wherein 

is H, halogen or C,.,o-a]kyl optionally substituted by halogen, vp to pethalo, NO,* 
-SOJFor-SOjCFj; 
R* is H, CMo-allQrl, C|.,o-a]ko)^, halogen or NO,; 

is H, C,.,o-allQrl optionally substituted by halogen, vp to periialo; 

is H, hydroxy, C,.,o-alicoxy optionally substituted by at least one hydroxy group; 

-COOR'; -OR'CONHR'; -NHCX)R'; -SR'; phenyl optionally substituted by halo 
or C,.,o-^lkoxy; NH,; -N(SO,R% fiuyloxy. 



16. A compound according to claim 14, wherein R' is CI, F, C4.5-bTanched 
alkyl, -SOiF or -SOjCFj; and R* is hydroxy; C,.,o-alkoxy optionally substituted by at 
least one hydroxy groiq>; -COOR'; -OR'CONHR"; -NHCOR'; -SR'; phenyl optionally 
substituted by halo or C,.,o-alkoxy; NH,; fiiiyloxy. 




P 




17. A conqxnmd accordmg to claim 14, wherdn R** is C,.,o-aIkyl or halogen; 
R''is H, C,.,o-alkyl, halogen, CF, , halogen, NO, or NH,; and R*'is H, C,.,o-alkyl, 
halogen, -NHCOCH3, -N(CHj)C0CH3, N0„ 
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18. A compound according to claim 14, wherein is t-butyl or CF, and is 
-OCH3. 

5 

19. A compomid according to claim 14, which is 
N-<S4ert-Butyl-2-^-metfaylaininocaiboi^l)mefhoxyphenyl>N'^^ 

dichlorophenyQurea; 
N<S4^-Butyl-2-(N-me%laminocaihonyl)methoxyphenyl>N'-<l-naph^ 
10 N-<S-tert-Butyl-2-(N-mo]pholinocazbonyl)meaioxyphenyl>N'-(2,3- 
dichlorophenyl)urea; 
N-<54at-Butyl-2-^-morpholinocarbonyl)methoxyphenyl)-N*-(l-naphthyl)iu^ 
N-<5-tat-Butyl-2-(3-teti^ydrofiiranyloxy)phenyl>NH2,3-di 
N-(5-pifluromcthanesulfonyl)-2-methoxyphenyl)-N'K4-methyI^^ 
15 N-<5-(Difliux)methanesulfonyl)-2-methoxyphenyl)-N'-(4-£lu^ 

N-(5-0Difluromethanesulfonyl)-2-methoxyphenyl)-N'-(4-methyl-2- 
flttorophenyl)uiea; 

N'<5-(DifhiromethanesuIfonyI)-2-methoxyphenyl)-N*-(4*methy 
fluorophenyl)urea; 

20 N-<5-05ifluiomethanesulfonyl)-2-methoxyphenyl)-NH4-methyl^^ 
clilQrophenyl)urea; 

N-^5-(IMfhirometfaanestilfonyI)-2-methoxyphm^ 
cfalorophenyl)urea; 

N<5-(DiiIun>methanesidfonyl)-2-methoxyphenyl)-N'K4-fi^ 
25 methylphaiyl)uiea; 
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N-(5-(Difliiromethanesulfonyl)-2-methoxypheny 

or 

N-(S-<Trifluorometfaanesulfonyl)-2-me(hoxphm^ 
20* A conq)ound of fonnula n 



R^, R\ R^ and are each independently H; halogen; C,.|o- Blkyl optionally substituted 
by halogen up to perhalo; C,.,o-alkoxy optionally substituted by at least one hydroxy 
group; NO2 ; SOjF; -SO^CH^j^; ^OOR'; -OR'CONHR'; -NHCOR'; -SR*; phenyl 
optionally substituted by halogra or C,,,o"alkoxy; NHj; -ltiSO^% fiirylox^. 



2 adjacent R^-R* can together fonn an aryl or hetaiyl ring with 5-12 atoms, 
optionaUy substituted by C,.,o"alkyl C,.,o-alkoxy, Cj.,o-cycloalkyl, C^^io-alkenyl, C,.,o- 
alkanoyl, C^n-^^ . C5.,2-hetaryl, C^,j.aralkyl, C^,^-aIkaryl, halogen; -NR'; -NO,; -CF,; 
-COOR'; -NHCOR'; -CN; ^ONR^R'; -SOjR^ ^OR^ SB}; in which RMs H or C,.,p- 
alkyl and R^ is C,.,o-alkyl; 

R^', R"*' and R^ are each indq>endently H, C|.,o-alkyl, optionally substituted by halogen, 
iq> to pexhalo; halogen; NO2 or NB^ 




wherein 
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is H, C,.,o-alkyl. halogen. -NHCOR'; -NR'COR'; NO,; 
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R' isC,.„-alkyl; 

n isOorl; 

X is -CH,-, -S- OT-0-; and 

Y is phenyl, pyridyUnaphftyl or beQzothiazole,eadi optionally substituted by 
C,.,o-alkyU C,.,o-alkoxy, halogen or NO, or, where Y is phoiyl, by 




or a phannaceutically accqitable salt thereof 
with the provisos diat 

(a) ifR^andR'arebo&H,oneofR^orR'isnotH,and 

(b) R* is aOco^QT substituted by hydroxy, -S02CF,H,-0R'C0NHR', 




fiiryloxy or -^(30^% or R'" is 

21. A pharmaceutical composition comprising a compound of claim 14, and a 
physiologically acceptable carrier. 
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22. A phaxmaceutical composition comprising a compound of claim 20, and a 
physiologically acceptable carrier. 



INTERNATIONAL SEARCH REPORT 



loternational applicatioii No. 

PCT/US98/27265 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC(6) :C07D 273/00, 275/00; A61K 31/17 

US CL :564/52. 53. 54. 55; 514/596. 598 
Accordiog to Intematiooal Patent Classification GPC) or to both national classification and IPC 


& FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 564/52, 53. 54. 55; 514/596. 598 


Documeotatioii seaiched other than minimum documentation to the extent that such documents are included in die fields seaiched 
Please See Extia Sheet 


Electronic data base consulted during the international search (name of data base and, where practicable, search tenns used) 


C DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y 


US 3,151.023 A (MARTIN) 29 September 1964, see entire 
document 


1-22 


Y 


US 3,200,035 A (MARTIN ET AL.) 10 August 1965, see enUre 
document 


14-22 


X 


US 3,230,141 (FRICK ET AL.) 18 January 1966, see entire 
document. 


14-22 


X 


US 4,405,644 A (KABBE ET AL.) 20 September 1983, see entire 
document 


1-22 


Y 


GB 0,828,231 A (J.R. GEIGY A.G.) 17 February 1960, see entire 
document. 


14-22 


1 1 Fttftfaer documents are listed in the eonlinuatioo of Box C. | | See patent fiunily annex. 


* SpMMl rttftoriti of cited JocimmlK 

'A* docomciA denning IboBMiOTyitete of lbs »t which b not conskfef^ 
to bo oT particular nievanca 

"E* aartier docunant pubtislied on or aftar Ifaa intematioDal filing date 

*L* documani which may throw dotifate on priori^ Gfaum(a) or tvhiefa b 
cited to esteblish the publication date of another citatioa or other 
special rcaMm <as ipecified) 

*0* docttmenl referrmg to an oral diicloaura, we. exhibition or other 


*T* liter docwmempublbbfldafW the bitenMti<malfilmgi^ 

<l*to tad Dot in conflict with the ftpplicalion but cited to uadantaod 
(be principJe or thaory undertytng the invention 

*X* docuraent of pvticultf relavanco; (be chimed tmreotMa cannot be 
coosidenKl novel or cennot be considered to involve aa nventive itep 
when the document b taken elone 

'Y* docomem of pailicufan- leievence: (be dained inrention cunot be 
cotiiidered to invohre an mventive step when (ha document ti 
combined with one or more other lu^ docwnenH, suoh eombtnetkm 


'P* doeumentpubliihed prior to the interoatioaalfilii^ date but lalcrUian 
the prioriQr date cbiroed 


being obvious to a person skilled in (be art 
*&' document member of the same patent family 


Date of the actual completion of the international search 
09 FEBRUARY 1999 


Date of mailing of the international search report 

02 MAR 1999 


Name and mailing address of the ISAAJS 
Commissioner of Patents and Trademarks 
Box PCX 

Washington. D.C. 20231 
Facsimile No. (703) 30S-3230 


FLOYD D.^IGEL aeo ^ 
Telephone No. (703) 30S-1235 



Fonn PCT/ISA/210 (second sheetXJuIy 1992)* 



INTERNATIONAL SEARCH REPORT 



Internationa] application No. 
PCTAJS98/27265 



B. FIELDS SEARCHED 

Documentation other than minimum documentation that are included in the fields searched: 

Chemical Abstracts 

Index Cbemtcus 

Current Abstracts of Chemistry 



Form PCT/ISA/210 (extra sheetXJuly 1992)* 



